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ABSTRACT

The objective of this investigation was to develop a plan for: (a) removing
from Lake Okeechobee the maximum feasible amount of water currently being
discharged to the Lake at Pumping Stations 2 and 3 from the Miami and North
New River Canal basins, and (b) retaining in or near the Everglades Agricultural
Area the maximum feasible amount of water so removed for subsequent re-use to
meet the irrigation water needs of the Miami and North New River Canal basins.
Plan development involved determination of the requirements for directing runoff
flow away from Lake Okeechobee and for_runoff water retention/irrigation water
recycling. The charge under which this investigation was made directed that
the requirements for the retention/recycling portion of the plan be developed
in a manner as amenable to fish and wildlife management considerations as
possible.

The Holey Land Tract and the Rotenberger Tract were investigated in detail
as potential retention area sites. Topographic surveys of both sites were made
and seepage tests were conducted on the Holey Land Tract. Several configurations
for the water retention and recycling areas were selected.

Historical records of runoff volumes discharged at Pumping Stations 2, 3,

7 and 8 were compiled. Irrigation water demands of the study area were estimated.
A design for the enlargement of the Miami and North New River Canals necessary

to permit runoff flow to be directed away from Lake Okeechobee was selected and
tested. An array of maximum water depths for the retention areas was chosen

for testing. These ranged from 1.5 ft. to 2.0 ft. for the Rotenberger area and
from 2.0 ft. to 5.0 ft. for the Holey Land area. Several water level regulation

schedules within these maximum depth Timits were established.



Using the data obtained from the topographic surveys, on-site seepage
tests, historical pumping information, historical rainfall and evaporation
records, estimated irrigation demands, and the selected canal design for the
Miami and North New River canals, a computer program was developed. Flow
routings were performed to test the performance of the various regulation
schedules and to determine the size of required intake and discharge facilities
for the several retention area configurations.

The location, size, and dimensions of the facilities required to create
the alternative retention areas operated at the several maximum water depths
considered were determined. First costs for these facilities were calculated.
Annual costs, consisting of amortized first costs and costs of operation
and maintenance, were computed. The volumes of water which could be recycled
for irrigation supply under various combinations of schedules and retention
area configurations were derived from the routings. These volumes were
related to first costs and annual costs, and cost-effectiveness in terms of
recycling capability was determined.

Alternate regulation schedules and alternate retention area configurations
in several combinations were evaluated. Evaluation factors used were:
irrigation water recycling performance, cost-effectiveness in terms of recycling
capability, total first costs, impacts on several key environmental components
of Everglades ecology, effect on the Lake Okeechobee water balance, and multi-

purpose use of the retention area.
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As a result of this investigation it is recommended that:

1. The Holey Land Reservoir (excluding the “toe" area), as
described in this report, be constructed.

2. The recommended reservoir be operated under a water level
regulation schedule having a 12.0 ft. to 15.0 ft. range.

3. Approximately six miles of fish concentration canals be provided
as part of the initial construction of the reservoir facilities.

4. State-owned lands, either in the "toe" area or elsewhere in the
State, be exchanged for the approximate 1500 acres of privately
owned lands in the Rotenberger Tract east of the Miami Canal
required for the recommended reservoir.

5. The Miami and North New River Canals be enlarged to the capacities
recommended by the Corps of Engineers in the authorized "Water
Resources Plan"; i.e., 2000 cfs and 1600 cfs respectively.

6. The enlargement of the Miami and North New River Canals be given
high priority for construction under the Central and Southern
Florida Project.

The plan recommended above will have an estimated first cost of $7,195,000
for the Miami Canal and North New River Canal enlargement, and an estimated
first cost of $7,302,000 for the remainder of the recommended facilities.
Annual costs assignable to this plan are estimated to be $620,000.

The recommended plan will direct away from the Lake an average annyal
volume of 203,910 acre feet of runoff water generated in the Miami Canal
and North New River Canal basins which is now pumped to the Lake at Pumping

Stations 2 and 3. This represents an average annual reduction of 94%.



The recommended plan will also be capable of recycling into the
Miami Canal and North New River Canal service areas an average annual
volume of 84,700 acre feet of irrigation water. This represents 47% of the
estimated average annual irrigation water requirement of these basins.
The resultant average annual increased demand on Lake Okeechobee storage

will be 94,800 acre feet.
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OBJECTIVES AND PURPOSE

A management objective of the Special Project with respect to the Ever-
glades Agricultural area is to eliminate, or substantially reduce, the annual
volume of runoff water entering Lake Okeechobee from the agricultural mucklands
south of the Lake. A subsidiary objective is to retain as much of the water
so removed from storage in the Lake in an alternative storage area(s), in or
near the Everglades Agricultural Area, for recycling into the agricultural
area for irrigation purposes; water level management in such alternative
storage area{s) to be compatible insofar as possible with fish, wildlife and
other environmental considerations.

These objectives have been incorporated in the language of the Special
Project's management recommendations for the Everglades Agricultural Area, as
follows:

"From the standpoint of water quality, it is recommended by

the agencies cooperating in the Special Project that backpumping

should be stopped and efforts made to reduce the quantity of water

backpumped at the earliest possible date as feasibility is determined.

The determination of feasibility is dependent upon water quantity con-

siderations, engineering, and social/economic costs as well as water

quality.
"It is recommended that runoff water from the Everglades Agri-
cultural Area be stored in or near the Evérg]ades Agricultural Area

for subsegquent re-use as irrigation water."



The purpose of the present study is to develop a management plan meeting
the above objectives for the North New River and Miami Canal basins of the
Everglades Agricultural Area. The Special Project's charge with respect to
this study is given, in part, below:

"The determination of regulation schedules and maximum pool
depth is basic for evaluation of the amount of water that can be
stored in various available areaS. The Central and Southern Florida
Flood Control District, working with the Florida Game and Fish
Commission with appropriate consultation with the Division of State
Planning and Department of Environmental Regulation will determine
a maximum water level depth and reguiation schedule, as soon as
feasible. From that point, evaluations of the various areas available
for storage will be made and a detailed plan developed to store as
much as possible of the 350,000 acre feet of irrigation water needed
in the Everglades Agricultural Area annually from water formerly
backpumped in a manner as amenable to fish and wildlife management
considerations as is possible.

“The plan for the Miami Canal and North New River Canal basins,
which will involve evaluation of {1) the Holey Land Tract, (2) the
Rotenberger Tract, (3) the northern portion of Conservation Area 3,
and (4) combinatibns of the above, will be delivered to the Lt. Governor

for approval no later than January 1, 1976."



DESCRIPTIVE INFORMATION

Study Area Location

The study area of this report is shown on the map of Figure 1. Delineated
on this map are the 1imits of the Everglades Agricultural Area, the boundaries
of the areas served, respectively, by Pumping Station 2 (S-2) and Pumping
Station 3 (S-3), and the limits of that portion of the S-2 service area which
drains to the North New River Canal. Also shown are the boundaries of that
tract of State-owned lands known as the Holey Land, the so-called Rotenberger
Tract, and the lands within the Agricultural Area owned by the Seminole Tribe
of Florida. Other pertinent features of the study area are indicated on the

map.

The C&SF Project System

Under the Central and Southern Florida Flood Control Project, authorized
in 1948 by the Congress, the Everglades Agricultural Area was encircled by
protective levees, designated Levees 4, 5, 6 and 7. The four old Everglades
Drainage District canals traversing the Agricultural Area were enlarged and
diked on both sides. The Miami and North New River Canals, involved in this
study, are two of the four canals so enlarged. Canal enlargement was such
as to permit removal of surplus runoff from the adjacent lands at a peak rate
of 3/4" per day, providing protection from flooding as a result of a storm
event having a five-year frequency of occurrence.

The Project system is designed so that runoff entering the northerly

reaches of the Miami, North New River and Hillsboro Canals is discharged to



Lake Okeechobee. Runoff reaching the southerly reaches of these three
canals and all of the West Palm Beach Canal is discharged southward to the
water conservation areas. The Lake portion of Miami Canal runoff is
handled at S$-3; the Conservation Area portion at Pumping Station 8 (S5-8).
The Lake portion of the North New River Canal runoff is handied at S-2; the
Conservation Area portion at Pumping Station 7 (S-7). The Lake pumping
station $-2 also handles runoff from the northerly reach of the Hillsboro
Canal; that canal and the North New River Canal joining to form a single
channel before entering the Lake in the vicinity of Belle Glade.

The design discharge capacity of each of the four pumping stations in-

volved in this study are listed below:

Pumping Station Discharge Capacity (cfs)
S-2 3,600
S-3 2,580
S-7 2,490
S-8 4,170

The size of the pertinent drainage service areas are listed below:

Pumping Station Canal Service Area (sq.mi.)
S-2 Hil1sboro Portion 56
S-2 North New River 110
Portion
5-3 Miami 100
S-7 North New River 125
S-8 Miami 200



Average annual discharge, and average wet season discharge (June-October),

for the period 1962-1973, for each of the above service areas is listed

below:
Average Annual Average Wet Season
Service Area Discharge, A.F. Discharge, A.F.

S-2, Hillsboro 100,427 65,330
S$-2, North New River 118,750 84,730
$-3, Miami 97,920 69,320

Sub-total, discharge

to Lake Okeechobee - 317,097 219,380
S-7, North New River 116,100 78,800
S-8, Miami 98,610 81,390

Sub-total, discharge

to Conservation Areas - 214,710 160,190

The service areas which are pertinent to this study are those Tisted in
the previous tables with the exception of the Hillsboro Canal area.

Figures 2 and 3 show the channel bottom elevation, adjacent natural
ground surface elevation, and design water surface profile for the North New
River and Miami Canals respectively. Because of the system design which calls
for northward water flow in the northern reaches of both these canals and south-
ward flow in the remainder there is a long middle reach in which the canal bottom
is higher than at either end. These elevated reaches are the so-called "humps"
in these canals. There is a corresponding raise in the design water surface
elevation; the water surface gradient under discharge conditions being created
by pumping at both the north and south ends of these canals.

Pumping Station 7 discharges into Conservation Area No. 2A. There is
also the capability to discharge North New River Canal runoff by gravity into

Conservation Area No. 3A by way of Structure 150.
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Pumping Station 8 discharges into Conservation Area No. 3A. Discharge
at S$-8 enters Canal 123, a channel located west of the old Mjami Canal
across the northern portion of Conservation Area No. 3A. Canal 123 was con-
structed in order to improve the capability for conveying water across the
conservation area marsh to meet the requirements, when needed, for supplementai
water to Everglades National Park and the lower east coast by transferring
water from Lake Okeechobee. C-123 was completed in 1972,

The capability exists at both $-7 and S-8 to discharge by gravity when

head conditions are favorable.

Land Use and Irrigation Supply

Irrigation water is introduced into the North New River and Miami Canals
to meet suppliemental water requirements in those service areas by making
releases from the Lake at HGS#4 (S-2) and HGS#3 (S-3) respectively. During
the irrigation season (November-May) an optimum irrigation stage between 12.0
and 12.5 ft.ms1. is maintained in the North New River and Miami Canals. Re-
leases are made from the Lake in guantities sufficient to maintain those stages.
When Lake level recedes below the optimum irrigation stage, the North New
River and Miami Canals take the same stage as the Lake. Irrigators with-
draw supplemental water directly from the North New River and Miami Canals.

Land use in the service areas pertinent to this study is shown on the
map of Figure 4. Estimated acreage in agricultural production (1974) by service

area is shown in the following table:



Sugar Total Percentage
Service Area Cane Pasture Truck Ag.Use of Service Area Other
S-2, NNR 27,320 27,360 4,840 59,520 86% 9,600
$-3, Miami 45,020 21,520 20 66,560 81% 16,000
S-7, NANR 36,960 34,240 1,280 72,480 91% 7,520
S-8, Miami 42,270 7,680 - 49,950 38% 83,170
Total - 151,570 90,800 6,140 248,510 68% 116,290

Estimated average annual supplemental water reguirement based on the
land use from 1963-1973 is 115,000 A.F. for the North New River Canal basin and
64,500 A.F. forthe Miami Canal basin. For all practical purposes, all of the

lands in production are irrigated during the period November 1 - May 31.

The Holey Land

The boundaries of the Holey Land are depicted on the map of Figure 1. The
entire area is State owned, under the jurisdiction of the TIITF. The area
is presently under lease to the State Game and Fresh Water Fish Commission for
wild1ife management purposes. Natural ground elevations along the north and
south boundaries of this tract, based on surveys conducted by the Flood Control
District in September-October, 1975, are plotted on Figure 6.

This tract is bounded on the south by Levee 5 which consists of a Tow
interior levee (on the Holey Land side), an exterior levee (on the Conservation
Area side), and a borrow canal between the two levees. A major FP&L trans-
mission line is located immediately north of, and adjacent to, the L-5

interior levee.



The Rotenberger Tract

The boundaries of the Rotenberger Tract are depicted on the map of
Figure 1. On this map are indicated those parcels of land within the Tract
which are in private ownership. It is to be noted that a portion of the
Rotenberger Tract, approximately 3,580 acres, lies east of the Miami Canal
and abuts the Holey Land on the west. The Miami Canal is leveed on both
sides as it traverses the Rotenberger Tract. Natural ground elevations along
the north and south boundaries of this tract, based on the recent District
surveys, are plotted on Figure 9. That portion of this tract lying west of
the Miami Canal is separated from Conservation Area No. 3A by the one-mile
wide tier of sections which is a part of the State Seminole Indian Reservation.

(See Figure 1).

Northern Portion of Conservation Area No. 3A (East of C-123)

The Flood Control District holds storage and flowage easements over all

of Conservation Area No. 3A. The Game and Fresh Water Fish Commission, under
lease from the District, manages the area for fish and wildlife. Topographic
surveys of the northerly portion of Conservation Area No. 3A were not conducted
in connection with this investigation. It can be reasonably assumed that
natural ground elevations along the northern boundary of the conservation area,
east from the Miami Canal, closely approximate the ground elevations along the
south boundary of the Holey Land. Ground slope may be on the order of 0.30 ft.

per mile toward the south.



PROBLEM STATEMENTS

Flow Re-direction

In order to eliminate or substantialiy reduce the amount of poor quaiity
water entering the Lake from the Miami Canal and North New River Canal basins
it is obviously necessary to re-direct to the south the present northerly flow
of discharge in the northern reaches of those canals. To accomplish this the
existing restricted sections, or “humps", in those two canals must be removed.

The extent of required "hump removal" is conditioned by several con-
siderations, as follows:

a. The amount of flow which is to be re-directed.

b. The capability of Pumping Stations 7 and 8 to accept both the

re-directed flow from the northerly portions of the canal basins
and the flow they now receive from the southerly portions; and

c. The maintenance of reasonable and acceptable flood dischargé

water surface elevations in the northern reaches of both canals
consistent with C&SF Project authorizations and obligations.

Because of the fact that S-2 now accepts runoff flow from both the North
New River Canal and Hillsboro Canal basins it will be necessary to separate
those flows. Hillsboro Canal flows will still continue northward to S-2,
whereas flows generated in the northern portion of the North New River Canal
are to be re-directed southward. Under this flow regime, design flow stages
in the Hillsboro Canal near S$-2 would be on the order of 8.0 ft.msl. while
design flow stages in the North New River Canal near S-2 would be on the
order of 13.0 ft. msi. Structural measures are required to ensure that this

stage differential will result.



The problem statements under this heading, therefore, are:

1. Determine the required "hump removal" channel design for

the North New River and Miami Canals.

2. Evaluate the performance of the "hump removal" channel design

in terms of the quantity of flow which can be re-directed from the

Lake. |

3. Determine the hydraulic requirements, and select a tentative location,

for the flow regulation structure in the North New River Canal.

Retention Area

Flow re-direction alone would accomplish the objective of eliminating or
substantially reducing the inflow from the North New River Canal and Miami
Canal basins to Lake Okeechobee. However, thesubsidiary water quantity
management objective requires the establishment of a retention area to act as
an alternative water storage facility for some portion of the water to be re-
moved from storage in the Lake.

In addition to this consideration, there is the fact that without provisiqn
of an "upstream" retention area all of the re-directed flow would enter Con-
servation Areas 2A and 3A. In Conservation Area 2A the increased quantity
of inflow water, of poor quality, could have an adverse impact on the
environment there; an environment which has already experienced some changes
as a result of existing inflows.

Re-directed flows at $-8 would, for the wmost part, be routed downstream
in C-123 and thus be of no benefit to the environment in that portion of
the conservation area north of Alligator Alley. A suitably located upstream
retention area should consequently permit a better distribution of the re-directed

flow over the northerly portion of Conservation Area No. 3A east of C-123.
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These two considerations add emphasis to the desirability of an upstream
alternative runoff water retention site within the Everglades Agricultural
Area.

The environmental values of alternative retention areas, either existing
or potentially restorable, must also be considered together with other uses
which would be compatible with the basic objective of recycling of water and
the corollary goal of obtaining a more acceptable distribution of flow over the
northern portion of Conservation Area No.3A. Basic to all of these con-
siderations is the water level management schedule for the alternative retention
area(s).

Of primary importance is the wmatter of the water balance within the
retention area(s) itself. This involves such considerations as:

a. Amount of inflow water available for filling the retention
area. |

b. Net amount of direct rainfall to be stored in the area(s).

c. Evapotranspiration loss. -

d. Seepage rates and losses.

e. Water level management schedule.

Consequently, the problem statements for this aspect of the study
are:

4. Determine the location and areal configuration of the retention area

or areas.

5. Determine the water level management schedule for the retention

area or areas.

6. Evaluate the performance of the retention area(s) with respect to

filling capability and water recycling capability under various water

level management schedules.
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7. Project the on-site environmental consequences under various
water level regimes.

8. Identify other possible uses for the retention area(s).

Overall Plan

The two essential features of the overall plan are: (a) the system for
re-direction of flow in the northern reaches of the North New River and Miami
Canals, and (b) the water retention/recycling system.

There are no particular or special design considerations to be taken into
account with regard to the flow re-direction system once the "hump removal”
requirements are established and a determination made of the hydraulic re-
quirements of, and suitable location for, the required flow regulation
structure in the North New River Canal. The elements of cost for this portioh
of the plan are: (a) channel excavation in the North New River and Miami Canals,
and (b) flow regulation structure, including the cost of excavating a temporary
by-pass channel.

From an operational standpoint it must be understood that there will be
occasions when pumping at $-3 will be required. These occasions will result
from storm events producing peak runoff rates in excess of the pumping capacity
at S-8 and/or the channel capacity through the former "humps". A maximum
design flood discharge water surface profile for the Miami Canal under the
re-directed flow regime will be established. Operational guidelines should
be such that all pumping in the Miami Canal will be at 5-8 until the new
design stage at S-3 is exceeded. Once $-3 is started up, however, stage at
that location can no longer be used to determine when operation of $-3 is to
cease. A suitable location in the Miami Canal at which to record stage for
governing operations at S-3 must be selected and a determination of the

governing stage at that location made.
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Similar operational guidelines w111 be required for the North New River
Canal system. Here, however, since $-2 will be operating to pump Hillsboro
Canal inflow, operational guidelines must be related to operation of the
f]ow_regu]ation structure rather than the pumping station (S-2}. At this
Tocation the probability exists that on many occasions it will be possible for
Hillsboro Canal flow to be re-directed southward into the North New River
Canal through the flow regulation structure. The operationa1 guidelines will
have to address this probability as well.

Concerning the retention area(s), filling will be accomplished by intro-
ducing therein some portion of the re-directed flow in the North New River and
Miami Canals. Flow introduction must be by means of pumps. Basic considerations
in regard to the sizing of the pumps are:

(a) Required rate of retention area fi]ling.

(b} Time duration and pattern of water availability for filling.

{¢) Hours of required pumping operation.

(d)} Determination of necessity for recirculation of seepage outfiow.

(e) Provision of "flow-through" capability for redistribution of
flows to Conservation Area No. 3A.

Other considerations to be taken into account in the design of the
retention area(s) storage/recycling system are:

{a) Containing levee dimensions and construction.

(b) Means of bringing inflow water to, and recycling water away from,
the boundaries of the retention area.

(c) Facilities for distribution of "flow-through" outflow to Con-
servation Area No. 3A.

(d) Emergency discharge facilities.
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{e) Location and dimensions of seepage control ditches and control
structures.
(f) Nature and location of additional facilities related to other

possible uses of the retention area(s).

A1l of the above features, obviously, represent items of capital cost. In
addition, usé of certain of the potential sites for the storage of water will
require that privately owned lands be acquired; this acquisition also represents
an initial capital outlay.

There are no special considerations involved in the operation of the
retention area system. Operations during the retention area filling period
(June-October) will be governed by the regulation schedule and the availability
of water. During the recycling period (November-May) operations will be
governed by irrigation supply requirements expressed as optimum irrigation
stage in the North New River and Miami Canals, and by the regulation schedule.
Specific guidelines for "flow-through" operations will be required.

Several bases exist for evaluating a program or plan of the type being
investigated in this report. Among the quantifiable factors which might be
considered in plan evaluation are:

(a) First costs.

{(b) Annual costs.

(c) Volume of water removed from the Lake.
(d) Volume of water recycled to the Agricultural Area.
{e) Volume of water redistributed to Conservation Area

No. 3A.

(f) Impact on Lake Okeechobee water budget.
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Other evaluation factors which might be considered are on-site
environmental benefits or damages, value of use of the retention area(s)
for additional compatible purposes, increased financial and energy
costs to agricultural interests, and muck subsidence. Most of these
considerations, however, are not quantifiable in monetary terms. Evaluation
would be largely subjective.

The problem statements for this portion of the study, therefore, are:

9. Determine the nature, location and dimensions of the retention

area facilities required to provide for runoff water retention,

runoff water "flow-through", irrigation water recycling, seepage
control, and safety.

10. Determine the nature, location and dimensions of additional facilities
needed to permit other identified compatible uses to be made of the
retention area system.

11. Determine the type and dimensions of the required flow regulation
structure in the North New River Canal.

12. Prepare first costs and annual costs for items 8 through 10, above,
for "hump removal", and for land acquisition (where applicable).

13. Develop guidelines for the operation of S-2, S-3, S-7, $-8, and
the flow regulation structure in the North New River Canal under the
altered flow regime.

14. Develop operational guidelines for the retention area system.

15. Formulate an evaluation methodology and evaluate the overall

plan accordingly.
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STUDY APPROACH

The development of a management plan of the type being investigated
herein usually resolves itself to a matter of making a selection of one
solution out of several possible alternate solutions on some objective basis.
This is the general approach which has been taken in this investigation.

In this case there is a comparatively large number of independent
variables, and each variable has a wide range of possibie values. Con-
sequently, there is a potentially large number of alternatives which can
be presented for evaluation by means of some objective function. The
variables in this instance are:

a. "“Hump removal" dimensions for each of two canals.

b. Number of separate retention areas.

c. Sizefconfiguration of the retention areas.

d. Water level management schedule for the retention areas.
Even if a limited number of possible values were assigned to each variable
the number of combinations, or alternatives, would still be large.

In order to reduce the analytical task to manageable proportions pro-
fessional judgment and experience in several areas of expertise were exercised
in making a selection of values for the several independent variables.

Accordingly, as a result of initial decisions made on the basis of pro-
fessional judgment, experience and an assessment of practicability the basic

analysis of this report is predicated on the following:
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1.  The "hump removal" channel design for the Miami and North

New River Canals is that which will provide the hydraulic conveyance
capability authorized for construction under the C&SF Project by the
Congress in 1968. Practical considerations of funding dictated this
selection since this design can be accomplished with the Federal Govern-
ment underwriting 80% of the cost of construction. In addition, a
preliminary performance analysis conducted in the earlier stages of the
Special Project's studies indicated good results in terms of flow

re-direction would be obtained with this design.

2. The retention area on the east side of the Miami Canal lying

north of Levee 5, which includes the Holey Land Tract plus that portion
of the Rotenberger Tract east of Miami Canal, is considered to be the
primary site for water retention. The remainder of the Rotenberger Tract,
lying west of the Miami Canal, is considered as a secondary site to

be used, if at all, only in conjunction with the site east of the Miami

Canal.

3. The basic configuration of the site east of the Miami Canal (called
hereafter in this report the "Holey Land Reservoir") is considered to

be the Holey Land Tract less the "toe" plus the portion of the Rotenberger
Tract east of the Miami Canal. An alternative configuration includes

the "toe" of the Holey Land.

4. A wide range of regulation schedules for the two Holey Land Reservoir
configurations up to a maximum water depth of five feet; the maximum

depth having been selected based on a combination of cost, engineering
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and environmental considerations. A narrow range of regulation
schedules for the "Rotenberger Reservoir" (water depths of 1.5 and
2.0 feet only); this selection based on the practical consideration

that this area will be managed exclusively for deer.

The main body of this report, which is incorporated in the following
sections, addresses the problem statements enumerated earlier within the frame-

work determined by the pre-selection of certain values as identified above.

-18-



FLOW RE-DIRECTION

General

The plan presented by the.Corps of Engineers in its Water Resources Report
for the Central and Southern Florida Project included as one of its features the
removal of the "humps" in the Miami and North New River Canals. The plan recom-
mended by the Corps in that report was authorized by the Congress in 1968. That
authorization established a construction cost-sharing ratio for all features of
the plan of 80% Federal and 20% State.

The purpose of the "hump removal" as set forth in that plan, was to provide
an additional means for reducing Lake QOkeechobee levels when stages were above
prescribed regulatory elevations. The objective is to reduce the amounts of
water discharged for regulatory purposes to tidewater at the St. Lucie Canal and
Caloosahatchee River outlets. By using the Miami and North New River Canals to
the extent possible regulatory discharge water would be retained in, or flowed
through, the Everglades system consisting of the water conservation areas and
Everglades National Park.

A system designed to handle Lake Okeechobee regulatory discharges via the
Miami and North New River Canals can also be used to re-direct runoff flows
away from Lake Okeechobee. The two water management objectives are not competi-
tive. Use of the Agricultural Area canals for Lake regulation cannot be made
while those canals are discharging local runoff. Therefore, in either case -
the present system or the system being investigated in this report - removal of
local runoff from the Agricultural Area is first accomplished before the canals
can be used for Lake requlation.

Miami Canal

The Corps of Engineers' hump removal design calls for a Lake regulation

capacity of 2000 cfs. The plan for the Miami Canal also calls for the installa-

tion of a water level control structure near the present pumping divide between
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S-3 and S-8. The purpose of this structure is to permit different optimum
water control elevations to be held north and south of the control based on
differences in general adjacent natural ground elevations. The justification
for such a structure must be re-visited; particularly in view of current
construction costs. It is presently believed that justification will be
marginal at best. Accordingly, this investigation assumed that the structure
would not be provided under the Central and Southern Florida Project.

~ Standard backwater computations were performed using the Corps of Engineers'
channel design sections for 2000 cfs capacity, an "n" factor of 0.30, and an
assumed design drawdown stage of 9.5 ft.msl. at S-8. These computations
indicated that elimination of the water level control structure at the present
pumping divide results in a design discharge capacity of 2600 cfs. Channel
capacity may be reduced below this value dependent on rainfall distribution
in the basin. The resultant channel design and design water surface profile
is shown on Figure 2. The design water surface profile for flow re-direction
is comparable to that established by the Corps of Engineers for Lake regulation
discharge.

There will be occasions of more severe storm events when runoff entering
the Miami Canal will produce flows exceeding the capacities of 5-8 and the
proposed retention area pump{(s). Stages greater than design stage in the
northern reaches of Miami Canal will then result. Operational criteria, there-
fore, shall be such as to require S-3 to be placed into operation when stage
at the land side of S-3 reaches design stage of 13.3 ft.msl. The determination
of when to stop pumping at S-B-WT]T;bermade by a combination of "trial and-
error," stopping pumping at intervals and observing stage response, and by
observing changes in pumping rates at both S-3 and $-8.

Daily routings over the 1962-73 historical period performed as a part of
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this investigation indicated that there were only 16 days during which pumping at
S-3 would have been required. The average wet season volume pumped at S-3, under this
flow regime, is 1560 A.F., as compared with the present average wet season volume of

69,320, a 98% reduction in back-pumped discharge to Lake Okeechobee.

North New River Canal

The Corps of Engineers Lake regulation "hump removal" design calls for
a capacity of 1600 cfs. Here, again, the Corps' plan calls for a water level
control structure at the present S-2, 5-7 pumping divide for the same purposes
as in the Miami Canal. The present investigation assumed this structure also
to be removed from its location at the pumping divide. In this case, however,
a structure of similar design and capacity is required near the confluence of
the North New River and Hillsboro Canals in order that S-2 can continue to pump
runoff from the northern reach of the Hillsboro Canal. The required capacity
of this structure is 1600 c¢fs., since that capacity is governed by the Lake
regulatory discharge requirement. The design head loss at the structure to
pass 1600 cfs, is 0.4 foot.

Standard backwater computations were performed, as with the Miami Canal,
using an "n" factor of 0.30 and a design drawdown stage of 9.5 ft. msl. at
S-7. Elimination of the water level control structure at the present pumping
divide produces a design discharge capacity of 2200 cfs. Channel capacity may be
reduced below this value dependent on rainfall distribution in the basin. The
resultant channel design and design water surface profile are shown on Figure 3.
As with the Miami Canal, the design water surface profile is comparable with the
profile established by the Corps for Lake regulatory discharge.

Daily routings over the historical period showed that there were 102-days
on which S-2 would have been required to pump North New River Canal runoff. -

The average wet season discharge from the North New River Canal basin at S-2
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is 11,200 A.F. as compared with the present average wet season discharge of
84,730 A.F., an 87% reduction.

The historical average wet season total discharge (including the Hills-
boro Canal) at S-2 is 150,060 A.F. The flow re-direction plan discussed
herein will reduce that discharge to 76,530 A.F., a reduction of 49%.

This reduction represents a minimum estimate since there will be yearly
a number of occasions of comparatively minor runoff producing events when
discharges from the Hillsboro Canal can be diverted through the proposed flow
regulation structure into the North New River Canal without exceeding critical
stages in the northern reach of Hillsboro Canal.

The flow regulation structure can be operated in three modes: (1) closed
to completely separate North New River Canal and Hillsboro Canal flows, (2)
open to divert Hillsboro Canal flows to S-7, and (3) open to pump North New
River Canal flows to S-2, as at present.

Operation under mode (3) will be governed by stage at the S-7 side of
the structure; when stage reaches 13.3 ft. msl. on the $-7 side the structure
will be opened sufficiently to maintain a 13.3 ft. stage. Operation under
mode (2) will be governed by stages in the Hillsboro Canal; the structure will
remain open as long as stages in the northern portion of the Hillsboro Canal
remain below critical stages, S-6 is not over-loaded, and there is a southward

water level gradient toward S-7 past the structure.

Summary

Based on the 1962-73 historical record the selected "hump removal" design
will reduce the average wet season total discharge at S-2 and S-3 from 219,380
A.F. to 78,090 A.F.; a reduction of 141,280 A.F., or 64%; in back-pumping to
Lake Okeechobee. This is a conservative figure, but provides a reasonable basis
for evaluation of performance of the selected design. Annual discharge to the Lake fro

the study area will be reduced from 216,670 A.F. to 12,760 A.F.; a reduction of 94%.
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RETENTION AREAS

Retention Area Size

The Holey Land Reservoir site, without the "toe" (basic configuration), comprises
a total of 31,550 acres; 27,970 acres of which are in the Holey Land tract and
the remainder in the Rotenberger tract east of the Miami Canal (Figure 5). An
average ground elevation of 12.0 ft.ms1. was used for storage calculations,
based on District survey;

The "toe" contains 3,800 acres, giving a total area of 35,350 acres for this
alternative retention site.

The Rotenberger Reservoir site comprises 19,110 acres (Figure 8). An average
ground elevation of 12.5 ft. ms1. was used for storage calculations, based on

District surveys.

Basic Hydrological Data

Daily rainfall of pump station $-8 was used to represent the rainfall over
the proposed retention areas. A summary of monthly totals is given in Table 1.
Forty-five years of rainfall record at the Belle Glade Experiment Station, 17 miles
north of the area, indicate that the period of record considered (1963-1975) was
quite representative of long term trends. The mean yearly rainfall at this
station was 57.70 inches when the entire 45 year record was considered and 56.09 inches
when only the 13 year study period was used.

A summary of monthly sums of runoff and irrigation demand is presented in
Tables 3 and 4.

Evapotranspiration in the retention areas was considered to be approximated
closely by the pan evaporation as measured at Pumping Station S-7. In order to
facilitate data hand1ing, the measured monthly pan evaporation was divided by the
number of days in that month to obtain a representative daily evapotranspiration.
Monthly pan evaporation is tabulated in Table 2.

Daily seepage was estimated by Darcey's Equation, Q = k11, where Q = seepage,
k = weighted transmissibility of the shallow soil profile, 1 = length of
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the levee, and i = hydraulic gradient. The transmissibility values were deter-
mined by the Flood Control District from an on-site testing program in the Holey
Land and supplemental data published by the Corps of Engineers. Seepage values
varied from 50 to 300 acre ft. per day for the Holey Land area depending on pool
stage. The report of the on-site seepage investigations conducted by the District
are attached as Appendix 1 to this report.

Irrigation demand was estimated as the total loss from the respective canal
systems on days in which there was no net runoff from these canals. In actual
operation, releases for "irrigation" will be governed by the stage in the project
canal system falling to a key elevation. Since historical irrigation releases
have been made on similar criteria, it is expected that the irrigation demand cal-
cutated in this manner will provide an adequate approximation of future conditions.

Total runoff generated within the Miami Canal and North New River Canal
drainage areas was computed as the sum of daily outflows generated within the
area. This was accomplished by adding the positive daily differences between
inflows and outflows. In the Miami Canal area this is equivalent to the total
5-8 discharge minus the total discharge at the $-3 - HGS3 complex. In the North
New River Canal area it is total S-7 and S-150 discharges minus the discharge at
the North New River Canal station below HGS4. The sign convention used cn all
discharge stations was, that flow southward, away from Lake Okeechobee, be con-
sidered positive. Thus, when runoff was pumped into Lake Okeechobee from $-3
or 5-2 the sign of this discharge was negative. Similarly when discharges were
made southward from S-7 or S-8 the discharge from these stations would be positive.
If runoff was occurring at the same time on each end of the canal, subtracting a
negative number from a positive number resulted in a combined positive number
larger than the absolute value of either station and equal to the total runoff
generated between these stations. The summations of the negative values of

these differences were considered as irrigation demands.
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The runoff values for the North New River Canal area are not exactly true
representations of runoff because of the unique interconnection between this
area and the Hillsboro Canal area. For the purposes of routing flow into and
past the proposed retention area(s), however, the runoff values can be con-
sidered adequate as the indicated runoff in excess of the true runoff may be
considered that part of the runoff generated in the Hillsboro Canal area which
could not be handled by S-6. This same interconnection will also affect the
irrigation demand for the North New River Canal area in that it will tend to
over-predict irrigation demand. No attempt was made to correct for this
tendency and should be considered in analyzing the results.

Regulation Schedules Considered

A wide range of representative regulation schedules for the Holey Land
Reservoir were selected for performance evaluation. These schedules in feet
mean sea level were 12-17, 12-16, 12-15, 12-14, 13-17 and 13-16. The schedules
in the Rotenberger Reservoir were 12.5-14,0 and 12.5-14.5. Ground level was
assumed as 12 ft. ms1. in the Holey Land Reservoir and 12.5 ft. msl. in the
Rotenberger Reservoir.

Several of these alternatives were selected primarily for evaluation of
possible vegetation, fish, wildlife, and on-site water quality factors. Among
these were the schedules for the Rotenberger Area and the 13.0 ft. msl. base
regulation for fishery benefits. The 12.0 ft. regulation schedules were selected
basically for their compatibility with wet prairie development. (See pages 31 to
48 for detailed discussion of these considerations.)

The maximum stage of 17.0 ft. ms1. was selected as representing the highest
practicable regulation stage, based on cost considerations related to predicted
environmental changes. It is clear that water depths in excess of 5 feet will
create an open-water environment, thus increasing the hazard of levee overtopping

during hurricane storm events. This would require, at least, increasing levee

freeboard requirements, substantially increasing construction costs.
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Routing Procedure

A routing procedure was developed for the proposed retention areas to
determine:

1. The effect of chdnging the size of the holding areas,

2. Testing the sizing of tentative intake and outflow control

structures. |

3. Testing the effect of selected regulation schedules.

4. Evaluating the performance of the holding area(s) with respect

to filling capability and water recycling capability.

The routing was performed on a daily basis by the simple addition or
subtraction of direct rainfall on the retention area(s), evapotranspiration,
seepage, irrigation withdrawals, outfiow through the spillways, and inflow
pumped from the North New River and Miami Canals. The variables which were
dependent on stage in the retention areas, e.g., seepage, irrigation, outflow,
and inflow were calculated on the basis of the previous day's stage.

Routings used historical daily flow records for an estimate of the amount
and timing of water available for filling the retention areas and also as an
estimate of irrigation demand. Rainfall and evapotranspiration estimates were
made for corresponding time intervals.

The routing procedure allowed the deliveries for irrigation to be equal
to the irrigation demand in all days except when stages in the retention area
were below a monthly (irrigation) regulation stage or demand exceeded 600 cfs
in the respective canal system. Below these regulation stages all deliveries

were terminated and any deficits were assumed to be made up by deliveries from
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Lake Okeechobee. 1In all routings that allowed stages to recede to ground
elevation, this regulation stage was set at 12.5 ft. msl. or approximately

0.5 feet above mean ground elevation for the entire year. At approximately
this elevation flow toward the irrigation delivery structures will begin to be
restricted severely by the resistance of the marsh grasses to overland flow.
Thus, this criteria essentially makes all available water ready to meet
irrigation demand until the supply runs out.

For regulation schedules requiring a minimum pool stage of 13.0 ft.msl.
irrigation withdrawals were terminated below a stage of 14.0 to prevent
excessively low stages in May.

The routing for various regulatory schedules and physical configurations
were run over the entire period of record, 1963 through 1973. Thus, the system
response could be evaluated with the various alternatives as though the
retention areas had been constructed in 1963 and continued through 1973. Con-
tinued development of agricultural lands might be expected to increase
both irrigation demands and the total amount of runoff generated on these
lands for the same meteorological conditions. It is expected, however,
that historical records should provide a good estimate of future conditions
for the next decade or more. This is a reasonable assumption in view of
the fact that, excluding the Rotenberger and Holey Land Tracts, over

80% of the area involved is already in agricultural production. (See page 6).
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Spillway outflow was considered to occur in a fashion equivalent to the
flow over a weir. The elevation of the weir being set by a {spillway} monthly
regulation schedule. At elevations above these regulation elevations spillway
discharges occur. Special provisions were included to override the regulation
schedule and Tower the equivalent weir elevation when stages became excessively
higher than the regulation levels. Because the envisioned operational criteria
called for very shallow water depths at certain times of the year, the
possibility that resistance to overland flow would become the limiting criteria
in how much water could be removed rather than structure characteristics
became evident. In order to provide a first approximation of this effect the
flow predicted by structure control was multiplied by the flow depth cubed
when the flow depth was Tess than 0.75 ft. This procedure is in general
agreement with the development of Izzard's overland flow equation which predicts
that the velocity of overland flow varies with the cube of the flow depth.

Inflow from the North New River and the Miami Canals which was pumped to
the Holey Land Reservoir was constrained primarily by (1) the availability of
storage below the (inflow) regulation schedule, (2) the pump capacities and (3)
the availability of runoff generated within the basin. The routing procedure
assumes that pumping was only allowed when there was positive runoff generated
within the respective canals and the stage within the retention area was below
the monthly stage specified in the (inflow) regulation schedule. If both
these criteria were met, the lower of either the pump capacity or the runoff in
the respective canals was chosen as the inflowT An additional constraint
was imposed that the maximum rise in stage during June was not to exceed one

foot. This constraint was imposed based on environmental considerations
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in order to protect emerging vegetation during the germination and seedling
stage,

Pumping was prohibited during periocds in which runoff was not being
generated within the basin because it is obvious that water should not be
taken from the more efficient storage in Lake Okeechobee to repienish a
deficiency in the less efficient alternative retention.

The same type of constraints in regard to spillway outflow that were
applied in the Holey Land Reservoir(s) were also applied to the Rotenberger
Reservoir.

The inflow to the Rotenberger Reservoir was not allowed to exceed the
difference between the runoff generated in the Miami Canal drainage area and
the inflow to the Holey Land Reservoir(s) from the Miami Canal. This
condition was applied to ensure that the maximum possible amount of runoff
stored would later be made available for reuse as irrigation water and thereby
reduce to some extent the draw on Lake Okeechobee toward the end of the dry

season.

Routing Results

A1l of the regulation schedules identified earlier herein were tested
with the routing program. Outflow for purposes other than irrigation was
allowed only when the computed pool stage was above a set monthly eievation.
This stage varied from the minimum regulatory stage in May to the maximum
regulatory stage the end of September through January (or in the case
of the 17.0 foot maximum, through December). For the transitional periods,
the regulatory stages were increased in equal monthly increments for the
months of June through August and similarly decreased for the months February

through April.
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Pumping into the Holey Land Reservoir was allowed whenever. the calculated
pool stage was less than 0.2 foot above regulation stage. This was
to ensure that the maximum possible amount of water would be diverted from
3—7 and S-8 for more desirable distribution in Conservation Area 3A. An
exception to this rule was made when the regulation stage was less than 0.5
foot above ground surface. In this case, resistance to flow provided by
the natural vegetation becomes large encugh to severely restrict direct flow
through the area.

The allowable monthly rise in stage has a definite effect on the maximum
pool stages that can be obtained. Restricting maximum stages during the first
part of the rainy season (June through October) requires that some of the wet
season rainfall be released as excess early in the rainy season. In years where
the majority of rainfall occurs in June or July, there may not be sufficient
rainfall in August through October to raise stages above 16.0 or 17.0 feet msi.

The shape of thedescending portion of the regulation schedule has little
effect on stages in this retention area particularly in drier than normal years.
The demands on the retention area for supplemental water are quite high
resulting in a rapid decline in pool stage beginning in October_or November
during most years. As this natural decline is faster than would normally be
envisioned for a regulation schedule, this portion of the regulation schedule
has 1ittle effect on subsequent or interim stages.

Releases from the reservoir to control stages in the primary canal system
(irrigation) were made with no restrictions in timing. This effective]y allowed
thé fetention area to supply nearly all of the supplemental water requfrements

during the early part of the irrigation season. This accounts for the rapid fall i
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stage at the beginning of the irrigation season. The supplemental water
requirements during the later part of the irrigation season would be made up
from Lake Okeechobee. This method allowed the more efficient carry-over
capacity of Lake Okeechobee to be utilized for storing water rather than the
smaller retention area with its higher attendant losses.

A representation of stages in the retention area(s) which might have
occurred under past hydrologic conditions is given in Figures 10A, B and C.

The representations are average monthly stages derived from the routing program.
Stages achieved under a given regulation schedule did not vary significantly
with the addition of the"toe" area tc the Holey Land Reservoir. When the
maximum possible water was passed through the Holey Land for distribution in
Conservation Area No. 3A, stages rose as much as 0.5 foot above the stages
shown during the peak stage periods

For the Ho]ey'Land Reservoir, stages of 17.0 feet ms1. could be reached
in 60 percent:of the years; stages of 15.0 feet and 16.0 feet ms1. could be
reached in 90 percent of the years; and a stage of 14.0 feet msl. could have been
reached in every year of record.

There is often a high demand for supplemental water in November and
December which will generally tend to make stage at least 1.5 feet lower than the
maximum regulatory stage by the end of December.

The variability of hydrologic inputs resulted in the pool going dry before
April 1 in 2 of the 11 years between 1964 and 1974 under the 12.0 - 16.0 feet msi.
regulation schedule. After going dry the pool generally began to fill around
June 10. Less severe dry periods caused the pool to dry for shorter periods.

In 5 of the 11 years the pool was dry for at least 20 days. In the remaining
6 years there was generally about 0.5 foot of water over the pool during lowest

stages.

-31-



The 12.0 - 17.0 foot regulation schedule showed similar trends but
delayed the dates when the pool went dry by approximately 5 days.

Two regulation schedu]és were tested for the Rotenberger Reservoir:
12.5 ft. - 14.0 ft. and 12.5 ft. - 14.5 ft. depth. A depth of 1.5 feet
resuited in 6 out of 9 years. Under the 1.5 foot maximum regulated water
depth, extended periods of more than 4 months without water in the pool
were encountered in 2 out of 9 years; the pool was dry for 2 or 3 months
in 4 out of 9 years; for 1 month in 2 of 9 years; and was wet all year in
1 of the 9 years. The 2 foot maximum water depth resulted in the pool
being dry for more than 4 months in 1 of those years; for 2 to 3 months in
4 of the years; 1 month in 1 of the years; and wet all year in 3 of those

years. Stage graphs for these schedules are shown on Figure 11.

Irrigation Recycling

None of the alternative regulation schedules tested has the capability
to recycle all of the irrigation water supply requirements of the Miami and
North New River Canal service areas. This finding was not unexpected, based
on initial preliminary approximations made by the District earlier in the
course of the Special Project studies. That portion of the total requirement
not satisfied from the alternative retention area source will continue to
be supplied from Lake Okeechobee. The most efficient recycling operation
of the alternative retention area will be that used in the routing procedure
described earlier herein; that is, all irrigation demands will be supplied
from the Holey Land Reservoir until the available supply there is exhausted.

The following table presents the irrigation demand supplied from the

Holey Land Reservoir at selected "drought" return periods:
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Without Toe

1 in 2 year 1 1in 5 year 1 in 10 year
{1972) (1965) (1973)
Regulation  Supply Supply Supply
Schedule (A.F.) % Total (A.F.) % Total (A.F.) % Total
12-17 145,200 79 128,600 55 104,900 42
12-16 136,300 74 126,900 54 103,500 47
12-15 109,100 60 124,000 53 76,800 31
12-14 57,600 31 95,300 41 46,500 19
13-17 87,300 48 86,400 37 82,200 33
13-16 60,200 33 85,400 37 53,900 22
With Toe
12-17 146,900 80 13C,700 56 100,500 40
12-16 138,200 75 128,600 55 99,700 40
12-15 114,800 63 125,400 54 77,500 31
12-14 60,000 33 97,800 42 46,800 19
13-17 86,900 47 87,100 37 86,800 35
13-16 58,800 32 87,100 37 59.000 24

The "drought" return periods were based on ranking the historical yearly |

irrigation demands preéented in Tables 3 and 4. Only the 10 years beginning in

1964 were considered for this determination to allow an initial period for

filling the reservoir. The year with the Targest demand was selected as represent-

ative of thé T in 10 year drought. Similarly, the second largest demard and the fifth

largest demand were selected as the 1 in 5 y&ar and 1 in 2 yeardrought conditions.The
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1 in 2 year, 1 in 5 year, and 1 in 10 year demands used in the above tables
were respectively: 183,000 AF, 233,000 AF, and 250,000 AF.

A summary of monthly irrigation deliveries which would have been
possible under past conditions is presented in Table 5. Tables 3 and 4
tabulate the monthly irrigation demand and allow a detailed comparison of
deliveries with demand.

The observation may be made that the addition of the toe area which
adds 12% to the surface area of the reservoir generally increases the
percentage of the demand supplied by only 1% to 2% and occasionally decreases
the amount of water which can be supplied. There are several factors con-
tributing to this situation: (1) During rather extreme drought conditions
rainfall during the latter portion of the wet season is insufficient to fill
the reservoir to the desired regulation schedule. In this case the smaller
reservoir reaches somewhat higher maximum stages than the Targer reservoir.
(2) During less severe drought conditions there is often excess water available
for several days at a time during the irrigation season which allows re-
plenishing, to a larger degree, the storage deficiencies incurred in the
smaller reservoir while still not exceeding the selected maximum monthly
regulation stages. (3) A level pool was assumed at all times in the reservoir.
This assumption is not strictly valid at lower stages and may introduce an

error on the order of 500 acre-feet in annual irrigation deliveries.

Flow-through Water Distribution

In other sections of this report the value of using the Holey Land Reservoir
and its appurtenant structures as a "flow-through" mechanism for the better
distribution of water to the conservation areas has been indicated. Summarizing

here, that value can be expressed as (1) better distribution of water over
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the northern portion of Conservation Area No. 3A east of C-123, and (2)
the diversion away from Conservation Area No. 2A of some portion of'the water
now being pumped into that area at S-7.

The maximum monthly amount of water that could be re-routed to the
northern portion of Conservation Area No. 3A is given in Table 6. Monthly
minimum discharges at S-7 and $-8 under this type of operation are given in
Tables 7 and 8. Monthly pumping into the Holey Land Area to meet these require-
ments is presented in Tab]e.9.

A gross summary of the tables mentioned above, ignoring the effects of the
particular regulation schedule selected, indicate (1) Flows at S-7 and $-8 will not
be greatly affected by the Holey Land Reservoir. (2) Redistribution of flows
in Conservation Area No. 3A will be slightly less than 50% of the combined flow of
S-7 and S-8. (3) The total amount of water pumped to the Holey Land Reservoir

will be slightly larger than the combined flow at S-7 and S-8.

Spiliway and Pump Sizes

The pump sizes for the various regulation schedules tested were selected
by beginning test runs with the routing program with deliberately oversized
pumps. The capacity of the pumps was reduced on subsequent runs until a
significant difference in yearly stages was noted or a significant reduction
in the capacity of the system to deliver irrigation demands was encountered.
It should be noted that this procedure will not necessarily size the pumps
for the maximum cost-benefit ratio.

The pump sizes for the Holey Land Reservoir were determined by this
procedure to be 2 - 750 cfs pumping stations for regulation schedules reaching
17.0 ft.msl., 2 - 650 cfs pumping stations for regulation schedules reaching
16.0 ft.ms1., and 2 - 550 cfs pumping stations for all other regulation
schedules. These pump sizes were not significantly affected by the addition of

the "toe" to the reservoir area.
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Pumping into the Holey Land Area was required on an average of 110 days per
year in order to provide only enough inflow to maintain stages near optimum. In
order to provide the maximum amount of flow re-direction to Conservation Area
No. 3A, a total of 160 days per year was required.

When the additional pumping into the Holey Land Reserveir was instigated for
flow redirection in Conservation Area No. 3A, the amount of pumping required at
S-8 and S-7 was reduced. Pumping through S-7 and S-8 would have been required
on an average of 320 days per year with the proposed channel improvements (hump
removal) and the consequent re-direction of flows away from Lake Okeechobee, but
without the Holey Land Reservoir area. Only 130 days would be required using the
Holey Land Reservoir strictly as a retention pool and 120 days if maximum flow
redistribution in the Conservation Areas were required ("flow-through" operation).

Pumping to the Rotenberger Reservoir for the 12.5 - 14.5 regulation would
be required for 41 days. Table 10 presents a monthly summary of volumes pumped
to this reservoir. The 12.5 - 14.0 regulation requires 34 days of pumping. Re-
quired pump size for the Rotenberger Reservoir under either schedule is 300 cfs.

"Flow-through" water can be discharged to Conservation Area No. 3A from the
Holey Land Reservoir into the L-5 borrow canal through existing culverts. Ten
72-inch culverts are required to allow maximum redistribution of flows in Con-
servation Area No. 3A. There are presently ten culverts of this size at the south
end of the Holey Land tract. Four of these culverts may require relocation in
order to provide the desired redistribution.

The required spillway capacity could be decreased quite significantly by
allowing S-7 and S-8 to handle more of the excess water; that is, to reduce "flow-
through" discharge. A discharge capacity on the order of 700 or 800 cfs is
sufficient to maintain stages at acceptable levels with minimal diversion of flows
from S-7 and $-8 for "flow-through" discharge. However, since adequate outlet
spillway capability already exists,maximum or near maximum flow-through capa-
bility based on the selected retention area pump capacities can be achieved at only

moderate cost (addition of control gates to existing culverts).
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ECOLOGICAL CONSIDERATIONS AND EVALUATION

An earlier section of this report, under the heading "Retention Areas”,
lists the various regulation schedules the performance of which in terms of
filling and recycling was tested by means of the described routing procedure.

This section will discuss the factors (vegetation, fish, wildlife, and
on-site water quality) of priority interest in Everglades ecology, specifically
in relation to the Holey Land Reservoir alternates. The wide range of regulation
schedules considered will be evaluated in terms of those ecological factors.
Ecological considerations in the Rotenberger Reservoir area and the northern
portion of Conservation Area No. 3A east of C-123 will also be discussed.

In order to present in a simple and readily understandable fashion the
evaluation results a matrix ,(Figure 12) has been developed indicating the
several water regulation schedules and their affects c¢n vegetation, fish, wild-
1ife and water quality in the Holey Land Reservoir. Many of these effects can be
supported with existing data and analysis of hydrologic data. Evaluation of
the other effects in the matrix is subjective, but based on considerable
observation and discussion of known environmental components.

This dissertation will generally discuss each parameter in relation to
the individual water regulations. Several of the ecological parameters are

governed by either the high or the low side of these regulation schedules.

Wet Prairies

Wet prairie vegetation is presently minimal in the Holey Land. This is
due primarily to the extended dry periods experienced during the past five
years. Wet prairie habitat is available, and a nine or ten month hydroperiod

(at the proper water depth) for two consecutive wet seasons will allow wet
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prairie recovery. This hydroperiod has been observed at two locations in Con-
servation Area No.3 (3-2 gage station and 3-4 gage station, Figure 13) which
exhibit wet prairie dominance (as opposed to sloughs) in sites not occupied

by sawgrass or tree islands. In the Holey Land this type of area is presently
dominated by annual terrestrial plants such as dog fennel (Eupatorium

capillifolium).

Wet prairies are an important part of Everglade ecology. They offer a
diversity of plant communities that are necessary for many Everglade Tife
forms. Small species of fish, crayfish, and fresh water shrimp necessary as
food jtems for wading birds and larger fishes are abundant in wet prairies (1).
Seed production from plants commonly associated with wet prairies is important
for waterfowl food.

The Holey Land will have wet prairie communities only at the lower reg-
ulation schedules (see Figure 12). The area must go dry for good wet prairie
development. That is, the minimum side of the regulation schedule must be no
higher than elevation 12.0 ft.ms]1. This schedule will dry most of the interior
of the Holey Land excluding holes, depressions, or man-made cana]ﬁ.

Development of wet prairies is also governed by the high water stage and
the period of inundation in an area. In the Holey Land, wet prairie plants
will be absent with high water stages of 17.0 ft.ms}. and above, even with
a low water stage of 12.0 to dry the area. Excellent wet prairie communities
found at the 3-2 and 3-4 gages in CA3 have had water depths exceeding 2.0 feet
and 2.8 feet respectively for 10% of the time during the period 1963 to 1972.
Poor wet prairie communities occur at the 3-28 gage in the south end of CA3
(Figure 13) where water depth exceeded 3.1 feet for 10% of the time from 1963
to 1972. Once wet prairie plant communities are established, they can with-
stand up to 31 consecutive months of flooding (2) with no permanent change in
the community.
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The marsh at the 3-28 gage was dry less frequently than the marsh at
the 3-2 and 3-4 gages. The following table presents a comparison of
the percent of the time the surface of the ground was wet during the four
months when the water stages would ordinarily be lowest. During those four
months the 3-28 gage site retained surface water more often than either
the 3-2 gage or 3-4 gagellocations.

Percent of time that end-of-the-month water stage exceeded
ground level at three stations in CA3 {1963-1972 record)

Gage March April May June Wet Prairie Development
3-2 40% 45% 78% 92% Good
3-4 56% 427 80% 90% Good
3-28 80% 70% 92% 100% Poor

This table also indicates that for optimal wet prairie conditions the
marsh should be dry about 50% of the time by the end of March and remain dry
through April. For optimum development of wet prairies, therefore, a schedule
must be followed that dries the marsh by the end of March at least every other
year.

March, April, and May are the months when the largest withdrawals of
water are necessary for agriculture. However, agricultural interests commence
substantial irrigation withdrawals in December. These withdrawals should
allow a reduction in stage to effectively dry the Holey Land in most years

(see Figures 10A and 10B).
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Huntable Deer Herd

It is doubtful that any of the water regulation schedules shown on
the matrix of Figure 12 will allow for a huntable deer herd. With the lowest
schedule of 14.0 to 12.0, two feet of water will cover the ground for one
month, and in excess of 18 inches of water will cover the area for probably more
than three months,

Loveless (3) reports mature bucks feeding in water depths of 30 inches
but clearly implies that adequate tree islands were available to the
deer. Loveless also states, "Water depths which exceed two feet restrict
does and young to high ground and hamper movements of the adult bucks." There
is no high ground in the Holey Land to which the deer can retreat, so it
can be stated with some degree of confidence that a 14.0 ft. maximum elevation
(two foot depth) will eliminate deer as a huntable herd in the Holey Land.

In June and July of 1966, the Florida Game and Fresh Water Fish
Commission entered into a massive deer rescue operation in the north portion
of Conservation Area No. 3A when early summer rains flooded the Conservation
Area and stressed the deer. This portion of the Conservation Area is con-
sidered prime deer range and, at that time, had a considerable number of
excellent tree islands. The water depth at the 3-2 gage (location on
Figure 13) ranged from 12 inches at the beginning of June to 27 inches by the
end of July. Deer deaths were common in an area of abundant tree islands.
The Game and Fresh Water Fish Commission recommended maximum water depth
for the well being of deer at the 3-2 gage in CA3 {commonly referred to
as the "Deer Gage") is 1.85 ft. Based on this criterion a two foot maximum

water depth in the Holey Land presumably will not benefit the deer herd.
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For a maximum deer herd the Holey Land water depth should fluctuate
only about 1.5 feet, corresponding to a 12.0 to 13.5 ft.msl. schedule. The

marsh should go dry during February for optimum fawn survival.

Fish Populations

If the area becomes slough oriented through an increase in the hydro-
period, all common south Florida species of fresh water fish will be plentiful.
The low water stage of 12.0 ft. or 13.0 ft. will concentrate the fishes so
that (a) larger fishes can eat smaller fishes, (b) fresh water angling for
sport and food will be excellent and (c) wading bird feeding will be
maximized as the lower stages are reached. Since the lowest ground elevations
are slightly below 12.0 ft.ms1. carryover water in the marsh will allow
survival of some fish for annual repopulation.

The average size of one year old bass in south Florida is about 9.5
inches total length, and about 16.6 inches for female bass at the end of their
second year.(4) Maintenance of a minimum schedule of 13.0 ft. for several
years will produce a tremendous fish population in the Holey Land. However,
this schedule will have adverse effects on plant diversity as it will not
allow for periodic drying of the marshes. Also, if the water level shouild
occasionally fall below 12.0 ft. or 11.0 ft., massive fish kills would occur.
Public opinion will be adverse, to say the least. While criticism gener-
ated from occasional fish kills in an area such as Conservation Area No.2B can be
withstood (there is nothing that can be done about them) it will be more
difficult to explain a deliberate drying of the Holey Land (which will be
necessary at times) and the temporary cessation of bass fishing in a 40 square mile

darea.
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There are two alternatives to avoiding or alleviating this adverse
public reaction and attendant accusations of mismanagement:

1. Dry the pool every year, never allowing growth of the fish

population to the extent that it is Targe enough to elicit attention

when it dies. This is not a particularly good solution because it

deprives the citizenry of south Florida of what can be a magnificent

fishing hole.

2. Provide sufficient deep water habitat to allow survival of large

ffsh during a severe drawdown. This second alternative allows rapid

fish repopulatfon of the area and also concentrates fish for the anglers

who will use the area.

Internal canals aligned in an east-west direction would be most desirable
for this end. These canals should not be drainage canals. They should not
be designed to move water north or south, which would negate the nutrient
removal benefits of the sawgrass marsh. An excellent compatible use of the
Holey Land Reservoir area can be made by the provision of such facilities
gither as a part of the initial construction program, or at a later date.

Two construction designs for the Holey Land are compared to determine
the effects of the different water management schedules on sport fishing
(Figure 12). The design based only on engineering consideration calls for
a minimum of deep water habitat; that is, only those canals necessary to
allow water to enter or be discharged from the area.(See Figure 5)}. Under
this design, the 13.0 ft. minimum schedule is most favorable to sport
fishing in that it retains a foot of water in the marsh at Tow pool and
provides for very high survival of sport fishes for the anglers. The 12.0 ft.
minimum allows the fish population to be severely depleted annually as the marsh
dries, with only the southernmost discharge canal and the northern get-a-way

canals as fish reservoirs.
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A design that incorporates extra construction of deep water canals
will improve the fishery under all water regulation schedules. Studies have
indicated that canals running through marshes that dry occasionally aré
capable of holding up to 1670 1bs. of fish per acre during the low water
period.(4)

Everglade Kite

The Everglade kite is considered in this report because it is one of the
rarest birds in the United States and confined almost exclusively to south
Florida. Water management on the Holey Land Tract may have a direct effect
on the Everglade kite population.

The primary food item of this bird is the apple snail (Pomacea paludosa),

a large snail found abundantly at times in the Everglades. The Holey Land is
not presently used by the Everglade kite. The droughts and the unstable water
conditions on this area preclude a large Pomacea snail popuiation. Everglade
kites require large inundated areas {wet prairies dr sloughs) which maintain

a constant snail supply. A prolonged hydroperiod in the Holey Land which
allows survival of the snail population and elimination of invading
terrestrial plants will be of benefit to Everglade kites.

The kite portion of the matrix has been divided into two categories -
resident and transitory. The resident boxes checked mean that the kite may
establish a permanent breeding population. The transitory boxes checked
indicate that Everglade kites can use the area on an annual basis but may
not be able to successfully nest there. Schedules that have a 12.0 ft. minimum
will all. support a transitory population, while the 13,0 ft. minimums will
support a resident population. The reasoning here is that extremely Tow
surface water stages and actual drying of the marsh remove the snail supply

from the kites. The snails burrow into the bottom muds as areas go dry. Snails
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are hidden by collapsed vegetation when water is shallow. Both conditions
effectively remove the prey from the predators' sight and grasp.

Low water conditions in May 1967 forced Everglade kites in Conservation Area
No. 2A to feed along the L-358 borrow canal. The water depth in the marsh of
Conservation Area NO.2A dropped to less than eleven inches during that period.
Low water conditions in May and June of 1971 and 1972 concentrated a portion
of the Everglade kite population along the Tamiami Trail Canal along the
southern border of Conservation Area No.3and the L-67A borrow canal (Figure 1) which
traverses Conservation AreaNo.3 in a northeast-southeast direction. The kites fed
effectively along the canal edges.

Everglade kite breeding season varies widely throughout the year depending
upon climatic conditions, food, and nesting habitat availability. Kites
usually nest from late February through mid-June. However, eight pairs of
Everglade kites nested in Conservation Area 2A in July 1970, and kites have
been reported nesting in November (5],

Retention of one foot of water in the Holey Land during the spring months
of the year will provide a large continuous crop of snails for a resident

population of Everglade kites on a year round basis.

Waterfowl (Ducks)

Waterfow] will use the area with any of the proposed water regulation
schedules. The Holey Land Reservoir will also offer duck hunting in season
under any of these schedules. The hunting will occur in the autumn through
winter months when pool stages are high.

Water depth is critical to the species of duck using the area. Diving
ducks (primarily ring-bills and scaup) will be the only ducks capable of

using the area at all of the maximum regulation schedules being evaluated.
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The puddle ducks common to south Florida (Florida mallards, blue-wing teal)
depend on pothole type resting sites in a drying marsh with very shallow
water depths.

The Conservation Area ecology is diverse enough with its sloping land
elevations to offer habitat for both diving ducks and puddle ducks at the
same time of most years. However, the Holey Land, with no typical slope to
the land, will offer habitat for the different types of ducks at different
times of the year. Diving ducks will occur in the winter and puddle ducks
will occur in the spring (although they cannot be hunted at this time of

year).

Wading Birds

The term "wading birds" is used here to include such species as great
blue heron, wood stork, common egret, white ibis, glossy ibis, little blue
heron, snowy egret, Louisiana heron, and several others. Those listed species
and others are commonly found in south Florida wetlands and are classically
associated with the Everglades.

Wading birds will be found in the Holey Land under all regulation
schedules being evaluated in this report. A1l of these birds make use of
lowering water depths and drying marshes for optimum feeding.

With a minimum elevation of 13.0 ft., wading birds will use the area in
which td feed, but the food supply will not be sufficiently concentrated for
optimum feeding conditions. With a minimum water elevation of 12.0 ft., ideal
feeding conditions will occur as the water level is dropping from 13.0 ft. to
12.0 ft. Many thousands of wading birds will feed in the Holey Land Reservoir

during the time the water stage is dropping that last foot.
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Water Quality Benefits

These benefits are the least able to be quantified but accrue in two
manners: (1)} Removal from Lake Okeechobee of the nutrients presently being
pumped via the S-2 and $-3 pump stations; and (2) removal of nutrients
by vegetation as the nutrient laden waters are stored in or passed through
the Holey Land.

Some evidence for removal of nutrients by a sawgrass marsh is available
at this time (unpublished data, Flood Control District) and more is forth-
coming under on-going District programs. Currently, it is conceded that the
sawgrass marsh will remove nutrients from agricultural runoff. There are
other actions in the marsh which will be useful in nutrient removal, but with
the known capability of sawgrass to remove nutrients, it is imperative to
retain the sawgrass in a healthy condition (see Sawgrass sub-section immediately
following).

General water quality benefits will be derived from any of the schedules
being examined. This parameter has been subjectively divided into two
classes - high and low benefits (see Figure 12). The schedules that call
for a maximum of 16.0 ft.ms1. {four feet of water on the marsh) will provide
better water quality than any of the schedules with a higher maximum
level (17.0 ft.). This choice was made because water stages in excess of
four feet may be detrimental to sawgrass. For optimal water quality, the

general health of the sawgrass community must be assured.
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Sawgrass

Sawgrass grows under a variety of ecological conditions in the Everglades.
This is the one plant that truly characterizes the Everglades. Preliminary
evidence {unpublished data, Flood Control District) indicates that sawgrass
subjected to agricultural discharge can store up to 300% more phosphorus
in its tissues than sawgrass receiving only rainwater.

Yates (6) found the best growth, tallest culms, greatest leaf width, and
the greatest dry weight of standing crop of sawgrass in Conservation Area 2A
at locations where the sawgrass was growing under almost permanently flooded
conditions on peat soils. Sawgrass in Conservation Area No. 3 and Conservation Area
No. 2B under conditions of shorter hydroperiod and shallower water depths
was reduced in size and dry weight as compared to the sawgrass in Conservation Area
No. 2A. Yates concluded that soil depth was less important to sawgrass -
growth than water depth. The sawgrass in Conservation Area No. 2A has with-

stood water depths of four feet for many years. '

Because éanrass does well in Conservation Area No.2A, the “yesﬁ category
for Healthy Sawgrass is selected in the matrix for all schedules to 16.0 ft.
maximum elevation. The question marks in the 17.0 ft. maximum elevation
category indicates that it is questiconable that the sawgrass will remain
healthy, even with an annual drying at 12.0 ft. There is no precedent available
in the present Everglades to determine the annual effect of five feet of water
on sawgrass. It is believed that six feet of water (18.0 ft. maximum) or higher
will drown the sawgrass.

The Rotenberger Tract

This land 1ies immediately west of the Miami Canal and the Holey Land.
Land elevations indicate that the Rotenberger area is slightly higher (0.5 ft.)

than the Holey Land. With this assumption, the maximum and minimum water
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schedule elevations need only be raised one-half foot to achieve the same
ecological projectjons as for the Holey lLand. That is, a 14.5 to 12.5 schedule;
a 15.5 to 12.5 schedule, etc.

The only alteration to be made in the matrix is that the "Yes" category for
the Huntable Deer Herd may hold true under a 14.5 to 12.5 schedule. There
may be sufficient tree islands in the Rotenberger Tract to offer refuge for

the deer during the high water stages.

Conservation Area No. 3A

An important fringe benefit to a flow-through Holey Land - Conservation Area
No. 3 system is the reduction of serious wild fires in the northeastern
portion of Conservation Area No.3-(that area south of L-5 and east of C-123).

For the past five dry years rather serious fires have erupted in this
section. Consequences have been destruction of large volumes of peat, smoke
and haze along the heavily populated Gold Coast, and destruction and Toss of
portions of many of the tree islands which comprise not only one of the out-
standing physical features of the Everglades but provide essential habitat
for deer during wet periods.

The ultimate goal for this portion of Conservation Area No. 3A should
be a nine to ten month hydroperiod of less than two foot maximum depth. This
hydroperiod will exclude the terrestrial invading plants; promote the sawgrass-
wet prairie marsh associations; eliminate the hot, peat-consuming wildfires;
and help preserve the tree-islands. It will offer excellent waterfowl and
wading bird habitat, and a diversity of plant communities that is necessary
to Conservation Area No. 3A. The wintering wading bird populations depend upon
drying marshes to provide the food that is necessary for nesting and rearing of
young. Drying portions of the Everglades must be availabie throughout the dry
season to provide a sufficient food supply. Classically, the birds use the

northern end of Conservation Area No. 3 first, and follow the drying marshes
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southward throughout the dry season. Extension of the Holey Land impoundment
into Conservation Area No. 3A, and/or sub-impoundments in the northern portion
of Conservation Area No. 3A or in the northerly apex of Conservation Area
No. 2A for water storage would destroy Targe areas of potential wet prairie
piant communities and tip the scales heavily in favor of aquatic slough
communities. Sufficient deep water Everglades habitat is already available
in the southern portions of Conservation Areas Nos. 1, 2A, and 3A. There is
already evidence to indicate that Conservation Area No. 2A is “too wet”.(7)

The Conservation Areas of the Central and Southern Florida Flood Control
District are of national importance as vestiges of the original Everglades.
The ecology of the existing Everglades has been altered in some areas. It is
vital at this time to maintain large areas of maximum diversity within the
existing system, and to avoid the aquatic ecology with limited diversity that
would result in the northeast quadrant of Conservation Area No. 3 or the northern
apex of Conservation Area No. 2A by impoundment for the single purpose of water

storage.
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Plant Species

The following is a 1ist of plant species which commonly occur on

the Northern Everglades wet prairies:*

Rhynchospora tracyi
Lnundata
Panieum hemitomon
paludivagum
Efeochanis cellulosa
elongata
Sagittania Lancd folia
Pontederia Lanceolata
Bacopa caroliniana
Nyphaea odorata
Nymphoides aquaticum
Crinum amerdcanum
Hymenocallis fLoridana
Utnicuwlarnia spp.
Oxypolis §LLLA0RMLS
Erncocaulon compressum
Peltandna vinginica
Cladium famaicensis
Psilocorya nitens
PLuchea foetida
Sacciclepis strniata
Cyperus haspan
Ludwigia repens
Lachnanthes caroliniana
Xypds Spp.

Beak-rush
Water-rush
Maidencane

Water Panicum
Spike-rush
Spike-rush
Arrowhead
Pickerel-weed
Water Hyssop
White Water Lily
Floating Heart
Swamp Lily
Spider Lily .
Bladderworts
Water Drop-wort
Pipewort

Green Arum
Sawgrass
Bald-rush

Marsh Fleahane
False Maidencane
An Umbrella Sedge
Floating Ludwigia
Red-root
Yellow-eye-grass

*Goodrick, Robert L. 1974. The Wet Prairies of the Northern

Everglades. In Environments of South F1or1da Miami Geological.
Society Memoir No. 2, p. 48,
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REQUIRED SYSTEM FACILITIES

Flow Re-Direction

This portion of the system requires the enlargement ("hump removal") of both
the Miami and North New River Canals, and the provision of a flow regulation
structure in the North New River Canal near its confluence with the Hillsboro
Canal.

The design channel sections for the Miami and North New River Canals are
shown on Figures 2 and 3. From the data shown on these figures it is
estimated that the Miami Canal enlargement will require the excavation of
2,400,000 C.Y. of material and that 1,450,000 C.Y. of excavation will be
required for the North New River Canal enlargement.

The flow regulation structure in the North New River Canal will be a one-bay
reinforced concrete gated spillway with a submerged crest. The gates will be

vertical-1ift gates.

Holey Land Reservoir

The general layout of the facilities required for this reservoir are shown
on Figure 5.

The specific design of several elements of this reservoir will be dependent
on the regulation schedule which is selected; i.e., the perimeter levees, the
pumping stations, and the intake channel from the North New River Canal.

Perimeter levees will be required only on the north, east and south sides;
the existing levee of the Miami Canal on the west side being adequate in grade
and cross-section for all considered regulation schedules. The south perimeter
levee is to be located north of the existing FP&L transmission line, at a

distance approximately 450 ft. north of the L-5 interior Tevee which also
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serves as the access roéd to both $-8 and the transmission line towers. The
basic criteria for levee design, regardless of the regulation schedule
selected are:
1. Ten foot crown width.
2. Side sltopes of 1V on 2ZH.
3. Two feet of freeboard above maximum regulation
schedule stage, except 1.5 ft. for the 14.0 ft. maximum schedule.
4, "Coring" of levee by removal of muck under the middle 10 feet
of the levee base; muck thickness determined by borings to be

three feet on north side and two feet on south side.

The total length of required.levee construction is 20.5 mi1es.
Prior to detailed levee design precedent to preparation of contract plans
for construction further seepage studies and analyses will be conducted in
order to determine the necessity for providing a head pressure relief system along
the north and east perimeters.
Pumping station size was determined by the method described in a previous
section of this report.(See page 35). To summarize here the requirements are:
17.0 ft. maximum regulation stage - 2 pumping stations at 750 cfs each.
16.0 ft. maximum regulation stage - 2 pumping stations at 650 cfs each
A1l other schedules - 2 pumping stations at 550 cfs each
The size of the intake channel from the North New River Canal will be
dependent upon the pumping station size. The intake channel will be leveed
on both sides, tied in to the North New River Canal levee on the east and to
the retention area levees on the west. Design levee grade will be at 17.5 ft.msl.,
the design grade of the North New River Canal levee. Channel size will be

governed by required intake capacity rather than levee requirements. Channel
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design criteria are an 11.0 ft. stage in the North New River Canal and 9.0 ft.
at the pumping station. |

The intake channel will be an open connection to the North New River Canal
and hence a bridge in U. S. Highway No. 27 over the channel will be necessary. A
detour road during bridge construction will be required for maintenance of
highway traffic.

Embankment material for the levee construction will be taken from adjacent con-
tinuous borrow canals. On the north and east sides the borrow canals will
serve as seepage collectors. At the northeast corner of the retention area gated
42-inch culverts connecting the north and east borrow canals with the pumping
station intake channel will be provided. Seepage collected by these borrow
canals will be discharged to North New River Canal via these culverts, which
can be regulated as necessary to maintain seepage control.

The south perimeter levee borrow canal will be placed on the retention
area side. In this location it will serve, at low stages, to concentrate the
fishery resources of the area.

No additional outlet capacity southward to Conservation Area No. 3 will
be required, the existing outlets being adequate. These consist of a four
barrel 72-inch culvert installation 0.6 miles east of $-8, and a six barrel
72-inch culvert installation 3.5 miles east of S-8. The flashboard risers
on all culverts will be replaced by gates.

Tieback levees from the south perimeter levee to these culvert installations
will be provided. "Flow-through" discharge, or emergency relief discharge,
will be from these culverts into the L-5 borrow canal. The L-5 exterior levee
will be gapped at a number of locations to distribute overland flow to the

adjacent portion of Conservation Area No. 3A.
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After a period of operation it may prove necessary or desirable to either
relocate some of the existing culverts, or add culverts, if flow distribution
under the arrangement described herein is not satisfactory.

The existing "divide" structure in the L-5 borrow canal will be relocated
3 miles to the east; that is to the east line of the "toe". This will permit
distribution of "flow-through" discharge along a greater length of Conseryation
Area No. 3A. The relocated structure will contain a gated 84-inch culvert. This
structure will provide operational flexibility and can alsc be used as an
emergency relief facility for the reservoir, directing flows to S-7.

Flashboards will be placed in the existing box culvert at the west end

of the L-5 borrow, connecting with the Miami Canal above S-8.

Holey Land Reservoir - With Toe

A1l facility requirements for a retention area having this configuration
are precisely the same as identified for the reservoir having the basic
configuration except for the length of required levees. A net additional 6.0

miles of levee is reqdired, making the total levee length 26.5 miles.{Figure 7)

Auxiliary Facilities (Holey Land Sites)

A previous section of this report (see page 42) indicated the desirability
of constructing canals having an east-west oOrientation in order to concentrate
fishery resources during low water periods. This feature would be particularly
desirable with those regulation schedu1es having a lower limiting stage of
12.0 ft.

It is considered that any canals provided for this_pukpre should have a
minimum dEpfh of 12 ft. below natural ground'surface éhﬁ é,top width 6f
approximate{QISO feet. The associated adjécent spoil areas should be gapped

at’ frequent intervals.
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Rotenberger Reservoir

The general facilities layout is shown on Figure 8.

Levee design criteria are the same as for the Holey Land sites; the
only exception being the requirement for "coring" which is waived in this
case due to the small heads across the Tevees,

Levees will be required on the north, west and south perimeters; the existing
Miami Canal Tevee on the east side being adequate with a crown width of 10 feet
at a minimum grade of 19.0 ft.

Total Tength of required levee is 16.1 miles.

The levee borrow canals on the north, west and south sides will be placed
on the outside and will act as seepage collectors. A ditch on the east side,
inside the Miami Canal levee, will also be required. This ditch is necessary
in order to collect and distribute water entering and leaving the reservoir.
The Tow regulatory stages contemplated for this reservoir make this facility
necessary.

A 42-inch culvert with gate will be located in the eastern end of both
the north and south Tevees to discharge seepage intoc the Miami Canal and
maintain water levels as required. One 72-inch culvert with gate will be
placed fhrough the existing Miami Canal west levee to discharge excess storage
via the collector ditch. Two gated 72-inch culverts approximately six miles
above S-8 will serve the same purpose.

A 300 cfs pump located in the Miami Canal West levee will deliver re-
directed water from the S-3 basin into the reservoir as determined by the
regulation schedule adopted. Two 72-inch culverts at this pumping station

will act to discharge excess water via the collector ditch.
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FIRST COSTS

General

First costs for construction are based on current (1975) contract
prices and include a 12% allowance for contingencies. First costs for
land acquisition in the reservoir areas are based on the District's
interpretation of appraisal values developed during the course of the
State's consideration of acquiring the in-holdings in the Rotenberger

Tract.

Flow Re-direction Facilities

$ 4,025,000

Miami Canal: channel excavation -
North New River Canal:channel excavation - 2,450,000
flow regulation structure - 720,000

Sub-Total NNRC $ 3,170,000

Total System Cost: $7,195,000

Holey Land Reservoir

Pumping station, intake channel and perimeter levee construction
costs will vary dependent on the water management schedule used {see page
52). The cost of all other required facilities will be the same regardless
of the regulation schedule. These items of cost, which are the “fixed"

costs for all alternative schedules are Tisted below:
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Construction

Item Cost
2-42" culverts in seepage ditches - $ 10,000
Gating existing L-5 culverts - 150,000
1-84" culvert in L-5 borrow canal - 25,000
Gapping L-5 levee and constructing tie-backs - 20,000
Intake canal levees - 96,000
Bridge at U.S.Highway #27 - 150,000
2-72" culverts at each pumping station - 180,000
Sub-total - ,
12% contingencies - 76,000
Total - $ 707,000

The variable costs, related to regulation schedule, are Tisted below:

Construction Costs

Item - 7.0 ft. max. 16.0 ft.max. 15.0 ft.max. [4.0 ft.max.
Pumping Stations $ 4,360,000 $4,040,000 $3,720,000 $3,720,000
Perimeter levees 1,759,000 1,498,000 1,112,000 920,000
Intake canal 596,000 535,000 482,000 482,000

Sub-total $ 6,715,000 6,073,000 5,314,000 5,122,000
12% contingencies 806,000 729,000 638,000 615,000
Total $ 7,521,000 $6,802,000 $5,952,000 $5,737,000

For all alternatives lands will have to be acquired for: (a) the intake
canal, and (b) the privately owned lands in the Rotenberger Tract east of the

Miami Canal (1,500 acres). These costs are:

Item Land Cost

Intake Canal R/W $ 103,000
*Reservoir lands ' 975,000
Total - $T,078,000

*1,500 acres at $650/acre.
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The summary of estimated first costs for the regulation schedules

considered is given in the following tabulation:

Total

Schedule Constr. Cost Land Cost First Cost

12'-17! $ 8,228,000 $ 1,078,000 $ 9,306,000
12'-16" " 7,509,000 " _ 8,587,000
12'-15" 6,659,000 " 7,737,000
12'-14! 6,444,000 : 7,522,000
13'-17! 8,228,000 " 9,306,000
13'-16" ' 7,509,000 " 8,587,000

Holey Land Reservoir - With Toe

The construction costs for this reservoir configuration will be the same
as those for the basic reservoir configuration except for the cost of
perimeter levee construction, which will be greater with the toe added. The
additional levee length is 6.0 miles. Land costs for this configuration will
be the same as for the basic configuration.

Increased levee costs (construction cost plus 12% for contingencies) are

as follows:
17.0 ft. max. stage - $ 515,000
16.0 ft. max. stage - 438,000
15.0 ft. max. stage - 325,000
14.0 ft. max. stage - 269,000
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The summary of estimated first costs is given in the following

tabulation:
Total
Schedule Constr. Cost Land Cost First Cost
12'-17" $ 8,743,000 $ 1,078,000 $ 9,821,000
12'-16" 7,947,000 ‘! 9,025,000
12'-15" 6,984,000 " 8,062,000
12'-14! 6,713,000 . 7,791,000
13'-17" 8,743,000 " 9,821,000
13'-16' 7,947,000 " 9,025,000

Rotenberger Reservoir

The perimeter levees will be the only item of cost which will vary with
the regulation schedule used.
tand acquisition will involve 6,670 acres at an estimated cost of $450/acre.

First costs are tabulated below:

Schedule
Item : 12.57-14.0' 12.5"-14.5"
1-300 cfs pumping station $ 1,040,000 $ 1,040,000
Discharge culverts 80,000 80,000
Collector ditch 335,000 335,000
Perimeter levees 631,000 754,000
$77,086,000 $ 2,209,000
12% contingencies - 250,000 265,000
Sub-total construction - 2,336,000 2,474,000
Land cost 3,002,000 3,002,000
Total - $ 5,338,000 $ 5,476,000

Auxiliary Facilities

Fish concentration channels of the type and dimensions described on page
54 for the Holey Land reservoir site(s) will have a first cost for construction

of $90,000 per mile.
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ANNUAL COSTS

General

Annual costs consist of two components: (a) amortization of first costs,
and (b) cost of operation of system facilities.

Amortization has been taken over an estimated 30-year project life. Use
of this term makes the date of project payout closely approximate the payout
date of the C&SF Project for the Everglades Agricultural Area for which a 50-year
Tife was assumed when the Project was authorized. In addition, it appears that
at or near the end of that period the nature and character of agricultural
land use in the study area will change as a result of further muck subsidence.
Two interest rates have been used for comparative purposes: 57/8%, the value
currently being used by the Corps of Engineers,and 7%, the rate recommended
by the Water Resources Council for water resource development projects.

Costs of operation and maintenance are based on the District's cost ex-
perience for the operation and maintenance of similar facilities under the
C&SF Project. In determining the annual operation and maintenance costs the
fuel cost component of the pumping station 0&M cost has been excluded. The
total volume of runoff water to be pumped will remain approximately the same;
consequently this cost is not chargeable to the plan considered in this report.
The pumping station 0&M costs listed are, therefore, incremental costs over
the District's present costs for 0&M at S-2, S-3, $-7, and S-8.

Similarly, neither the amortized first costs nor the annual maintenance
costs of the Miami and North New River Canals are presented. These are
features which will be provided under the C&SF Project in any event and hence

are not properly chargeable to the plan being evaluated herein.
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Holey Land Reservoir

Annual costs are tabulated below:

Amort.
Amortization Levee & Struct. P.Sta. increment
Schedule 5 7/8% Maint. & Op. 0&M Total 7% Total
12217 $ 667,100 $ 8,100 $ 91,000 $766,200 $ 82,900 $ 849,100
12'-16" 615,500 7,400 86,000 708,900 76,400 785,300
12*-15" 554,600 6,600 86,000 647,200 68,300 716,100
12'-14' 539,200 5,400 70,000 614,600 67,000 681,600
13'-17¢ 667,100 8,100 96,000 771,200 82,900 854,100
13'-16" 615,500 7,400 91,000 713,900 76,400 790,300
Holey Land Reservoir - With Toe
Annual costs are as follows:
Amort.
Amortization Levee & Struct. P.Sta. increment
Schedule 5 7/8% Maint. & Op. ~ 0&M Total 7% Total
12'-17'  $ 704,000 $10,200 $ 91,000 $805,200 $ 87,500 $ 892,700
12*-16" 646,900 9,300 86,000 742,200 80,400 822,600
12'-15" 577,900 8,200 86,000 672,100 71,800 743,900
12'-14¢ 558,500 6,700 70,000 635,200 69,400 704,600
13'-17" 704,000 10,200 96,000 810,200 87,500 897,700
13'-16"' 646,900 9,300 91,000 747,200 80,400 827,600
Rotenberger Reservoir
Annual costs are as follows:
Amort.
. Amortization Levee & Struct. P.Sta increment
Schedule 5 7/8% Maint. & Op. &M Total 7% Total
12.5'-14.0" $382,700 $ 3,900 $ 52,000 $438,600 $ 47,600 $ 486,200
12.5'-14,5" 392,500 5,500 56,000 454,000 48,800 502,800
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PLAN EVALUATION

Retention Area Filling Capability

The flow re-direction design tested in this study has the capability of
directing away from the Lake an average annual volume of 203,910 A.F. of runoff
water that originates in the study area.(See page 22). This is a reducfion of
94% of the water which is currently being pumped to the Lake from the Miami
and North New River Canal basins. This is considered to be excellent performance
in terms of accomplishing the objectives of the Special Project.

Fi1ling af the reservoir will be accomplished during the wet season:

June through October. Reservoir replenishment can, and will, take place during
the dry season when runoff occurs. This replenishment will not exceed the
stage prescribed by the descending 1imb of the regulation schedule. However,
the critical volume in terms of filling performance is the amount of water
which will be available in the wet season. Performance is evaluated on this
basis.

A major constraint on the filling of the Holey Land reservoir should be
that the conservation areas continue to receive approximately the same volume
of wet season flows with the Holey Land Reservoir in operation as they
have received historically by‘way of $-7 and $-8. Under this constraint the
average wet season volume available for filling is that which has been
directed away from the Lake; i.e., 141,290 A.F. (See page 22). With the
flow re-direction system operating at 94% effectiveness it is considered, then,

that the maximum amount of water has been made available for reservoir filling.
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Filling performance is dependent upon: (a) the amount of water available
for filling, (b) size of the retention area, {c) maximum reservoir depths and,
(d) filling schedule constraints. As indicated above, excellent flow re-
direction performance is achieved with the proposed design. Since the maximum
amount of water has been made available for filling, evaluation can then be
based on the combination of reservoir size, pool depths, and regulation schedule
constraints.

Filling performance of various regulation schedules,having the constraint
of a maximum one foot rise in June, is presented by the stage graphs for the
Holey Land Reservoir of Figures 10A, 10 B, and 10C. Filling performance at
the lower maximum water depths of 2.0 ft. and 3.0 ft. (Figure 10B) is excellent,
in all years except one required October reservoir stage is achieved. However,
not all of the available water will be used for filling and, particularly
with the 12.0'-14.0"' schedule, more water than under historical conditions
will be passed on into the conservation areas.

With 4.0 ft. and 5.0 ft. maximum water depths for the Holey Land Reservoir
(Figures 10A and 10C) filling performance is dependent on the minimum draw-
down stage. The 13'-17' schedule shows filling in 10 out of 11 years, whereas
with the 12'-17' schedule the reservoir is filled in only seven of eleven years.
Both of the 16' maximum schedules indicate good filling performance; i.e.,

10 out of 11 years. In these cases a greater amount of the available water
is used for reservoir filling and flows to the conservation areas more
closely approximate the historical.

The filling characteristics of the Rotenberger Reservoir are indicated
on the stage graphs of Figure 11. The flow routings on which these graphs

are based required that water be placed in the Rotenberger Reservoir only
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after the requirements of the Holey Land Reservoir under the 12.0'-16.0'
schedule are met. Performance is excellent under the 12.5'-14.0' schedule.
However, these water requirements are very nearly met by the excess of wet
season rainfall over evapotranspiration, which averages about 15 inches (See
Tables 1 and 2). Performance is good under the 12.5'-14.5"' schedule, but
stages fall slightly short of schedule in about half the years due to the
priority of filling the Holey Land Reservoir.

Water can be furnished to both the Holey Land Reservoir and the Rotenberger
Reservoir with good to excellent performance characteristics under all the
regulation schedules tested in this investigation.

The filling performance of the Holey Land Reservoir with all regulation
schedules tested is good to excellent. The Holey Land Reservoir is at about
optimal size, when considering filling characteristics only, under the
15.0 ft, 16.0 ft, and 17.0 ft. maximum schedules.

The real significance of filling performance can only be determined,
however, in relation to irrigation water recycling capability. This is

discussed in the following sub-section.

Irrigation Water Recycling Capability

The table presented on page 33 furnishes pertinent quantitative information
concerning performance of various combinations of Holey Land Reservoir con-
figurations and regulation schedules tested. The values listed in the 2nd
and 3rd columns indicate recycling performance under the median condition
of irrigation season rainfall and the 6th and 7th columns the performance
during "dry" irrigation seasons. A moderately dry condition is indicated by

the values in the 4th and 5th columns.
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It is clear from this table that, regardliess of reservoir configuration,
the performance of the 12'-15', 12'-16', and 12'-17' schedules is significantly
better than the performance of the other schedules tested. Assuming all other
evaluation factors to be equal, these three should be more closely examined to
determine whether one is clearly superior.

For the moderately dry condition there is no marked distinction in per-
formance. Under median or "dry" conditions, however, the 12'-15' schedule
shows an inferior performance. Under these same conditions there is comparatively
little difference between the 12'-16' and 12'-17' schedules. This indicates
that during most irrigation seasons (except the "wet" ones) the 12'-16' schedule
will perform just as well as the 12'-17' schedule. The significance of better
performance during “wet" irrigation seasons is minimal since under such conditions
it is likely that ample water will be available in Lake Okeechobee to meet irrigation
requirements.

The apparent anomaly of equivalent performance of the three schedules for
the moderately dry condition (1965) is explainable by the heavy demand which
occurred early in the season that year. With a more "normal" pattern of monthly
distribution of irrigation demand it is likely that the 12'-15' schedule
would show a somewhat inferior performance for the moderate condition similar
to that which it shows for the median and very dry conditions.

This analysis of the data summarized in the table on page 33, produces a
ranking of the tested regulation schedules as follows:

1. 12'-17' and 12'-16'

12'-15"
13'-17°

L~ T 5 N

12'-14"' and 13'-16"
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These performance data do not show any selection preference between the

Holey Land Reservoir with or without the "toe".

Unit Cost of Recycled Water

The following table lists the average recycled irrigation water volumes for
the regulation schedules tested for the Holey Land Reserveir, with and without

the toe. The average irrigation demand for the study area is 179,500 A.F.

Without Toe With Toe
Schedule Supply (A.F.} % Average Demand Supply (A.F.) % Average Demand
12'-17! 103,100 57% 104,100 58%
12'-16" 98,300 55% 99,900 56%
12'-15" 84,700 47% 86,900 48%
12'-14! 58,900 33% 59,800 33%
13'-17" 69,800 39% 69,800 39%
13'-16' 57,800 32% 57,600 32%

Using the first costs and annual costs presented on pages 60 and 62, and
the above average recycled irrigation water volumes, the costs per unit of re-

cycled water for each alternative considered are given below:

Unit Costs ($/A.F.)

Without Toe ~With Toe

First Annual First Annual
Schedule Cost Basis Cost Basis (5 7/8%) Cost Basis Cost Basis (5 7/8%)
12'-17" 90.30 7.40 94.30 7.70
12'-16" 87.40 7.20 90.30 7.40
12'-15" 91.40 7.60 92.80 7.70
12'-14" 127.40 10.40 130.30 10.60
13'-17! 133.30 11.10 140.70 11.60
13'-16' 148.60 12.40 156.70 13.00
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Average supply values, rather than median supply values (1 in 2 year
condition, table on page 33), were used for this unit cost analysis. Use of
the median supply values would have produced lower unit costs, but it was
believed to be more appropriate to use average annual supply values.in con-
junction with average annual cost.

There is a definite grouping of regulation schedules based on unit cost
values. As in the case of recycling performance, the 12'-17', 12'-16' and
12'-15"' schedules fall into a clearly superior category in terms of cost-
effectiveness both on a first cost and on an annual cost basis. The ranking of
the cost-effectiveness of the six schedules and two reservoir configurations

considered is as follows (annual basis):

—t
.

12'-16"' w/o toe

2. 12'-16"' with toe and 12'-17"' w/o toe
3. 12'-15' w/o toe

4. 12'-17' with toe and 12'-15' with toe
5. 12'-14' w/o toe

6. 12'-14' with toe

7. 13'-17' w/o toe

8. 13'-17' with toe

9. 13'-16' w/o toe

10. 13'-16' with toe

The differences between the top four combinations (items 1, 2 and 3}, however,
are not large enough to establish any clear superijority of one over another.
In view of this, pragmatic considerations of lowest total first cost will

carry some weight in plan selection.
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A unit cost analysis of the Rotenberger Reservoir was not made since
the usefulness of that reservoir for recycling irrigation water under the

regulation schedules considered is minimal, at best.

Effect on Lake Okeechobee Water Budget

Routings for Lake Okeechobee were conducted by the District in connection
with its water supply planning studies. The proposed new regulation schedule
of 15.5 ft. - 17.5 ft. for the Lake was used for these routings. One set of
routings assumed that all backpumping to the Lake at 5-2 and 5-3 (average
annual volume of approximately 350,000 A.F.) was terminated and that the
alternative reservoir site(s) would supply 75% of the average irrigation demand
of the area {a supply of approximately 260,000 A.F.). The net effect is an
increase of 90,000 A.F. in the average yearly demand on the Lake's water supply.
The routings made under these conditions were based on 1970 and 1985 levels
of estimated demands on the Lake's supply.

These routings showed that Lake stage would be approximately 0.2 ft. lower
at the 1985 demand level throughout a wide range of normal stages. The critical
Lake stage of 10.5 ft.ms1. would occur about 1% more of the time under this
regimen.

The 12.0'-15.0', 12.0'-16.0"', and 12.0'-17.0' retention area schedules
considered herein will place an average annual increased demand on the Lake of
75,000 to 95,000 A.F. This is comparable to the increased demand of 90,000 A.F.
incorporated in the routings described above. Consequently, it is reasonable
to conclude that under any one of these three schedules, the increased incidence
of low Lake stages will not be significantly different than indicated by the
routings. An approximate increase of 1% in the time that Lake stages would be

at 10.5 ft. or below is acceptable in terms of water quantity management.
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A corollary conclusion is that additional expenditures to obtain increased

recycling capability are not justified.

On-Site Ecological Impacts

The impacts of alternative regulation schedules on several major environ-
mental components have been.presented in detail earlier and are indicated in
the matrix of Figure 12. However, no weighting of those components was given
in that discussion.

The most important consideration is the establishment and maintenance of
a healthy sawgrass community. Based on this factor alone, schedules having
a maximum regulatory elevation of 17.0 ft, can be eliminated from further con-
sideration.

The maintenance of wet prairies is a consideration second in importance
only to the maintenance of sawgrass. For this purpose, a schedule having a
12.0 ft. lower regulatory stage and permitting significant periods of "drying
out", is required; thus eliminating schedules having a 13.0 ft. minimum stage.

The 12.0 ft. schedules, on the other hand, will have adverse impacts on
the fishery in the retention area. A trade-off has to be made between wet
prairies and the sports fisheries. It is our judgment that if such a trade-
off must be made that it be in favor of wet prairies. However, a partial
compensatory measure has been indicated; i.e., the construction of fish con-
centration canals. If these are provided, the 12.0 ft. schedules are clearly
superior. In addition, the 12.0 ft. schedules are more favorable to another
important environmental component; wading birds.

Another important component to be considered is a huntable deer herd. The
earlier discussion questioned the ability to maintain a huntable deer herd

even with the lowest schedule (12.0°-14.0') considered. In order to maintain
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a herd with certainty, a 12.0°'-13.5' schedule would have to be adopted. The

trade-off here is clearly between maintenance of a deer herd and provision of

water recycling capability, since a 12.0'-13.5' schedule produces no re-

cycling benefit.

Based on this evaluation of the several major ecological components, the

schedules considered are ranked as follows, from most acceptable to least

acceptable:

1.

L5 2 B < T S A ]

12'-15', 12'-16"'*

12'-14°
13'=16"
12'-17'
13'-17"

*¥12'-16"' schedule is slightly less acceptable because a four

foot water depth is close to the maximum observed 1imit of sawgrass

growth,

Additional Considerations

The following factors were not included as part of the evaluation, but

nevertheless add to the desirability of creating a water retention area on

the Holey Land Tract: (a) arresting muck subsidence, (b) better distribution of

water into the conservation areas, and {c) better control of fires.

A11 of the regulation schedules considered will, in most years, retain

sufficient water in the muck profile to significantly slow the rate of subsidence

that has occurred on the Holey Land in the past.
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The Holey Land Reservoir, used as a "flow-through" system, will help
to better distribute water along the north edge of Conservation Area No. 3A
east of C-123. This will extend the hydroperiod on an area which has been
dried out extensively 1in the past. The extension of the hydroperiod will
reduce the hazard of vegetation and muck fires in this area.

In the Holey Land itself, the present shortened and unnatural hydroperiod
will be substantially extended. Additionally, should muck fires occur there,

the means will exist to introduce water for fire control purposes.

Evaluation Summary

1. Recycling performance evaluation favors either the 12'-17"' schedule
or the 12'-16' schedule.

2. Unit costs for recycled water, when considered in conjunction with total
first costs, favor the Holey Land Reservoir without the toe.

3. Unit cost evaluation, both on first cost and annual cost bases, shows
little difference between the 12.0'-17.0', 12'-16"' and 12'-15' schedules,
but slightly favors the 12'-16' schedule.

4, Evaluation of the impact on the Lake Okeechobee water budget indicates no
significant distinction between the 12'-17', 12'-16"', or 12'-15" schedules.

5. Evaluation of ecological factors favors the 12'-15' schedule, with the
12'-16"' schedule being only sTightly less favorable.

6. With the evaluation factors for several schedules being closely balanced,

total first costs become a factor in plan selection.
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RECOMMENDATIONS

Land Acquisition

A substantial portion of the initial cost of establishing a Holey Land
Reservoir is the cost ($975,000) of acquiring the privately owned lands
in the Rotenberger Tract east of the Miami Canal. It is reasonable to consider
if alternatives are available for elimination of that component of the first
cost.

Since the Holey Land "toe" contains approximately the same area as the
Rotenberger Tract east of Miami Canal (3,780 acres vs. 3,580 acres) the "toe"
area could be included in the Holey Land Reservoir and the Rotenberger area
east of the Miami Canal excluded without altering the performance characteristics
of the reservoir. This alternative trades off construction costs for land
acquisition costs. A reservoir having this configuration would involve con-
struction of an additional 6.0 miles of levee around the "toe", 6.0 miles of
levee along the west boundary of the Holey Land Tract, and additional intake
facilities at the Miami Canal. The estimated cost of these additional works is
$810,000, $1,060,000 and $1,230,000 for the 15.0 ft., 16.0 ft., and 17.0 ft.
maximum schedules, respectively. This option is viable only in the case of
the 15.0 ft. maximum schedule if total first cost is the only consideration.

A second option involves the exchange of State-owned lands in the “toe"
for the privately-owned lands in the Rotenberger Tract east of the Miami
Canal on an equitable basis. A possible variation of this option is to exchange
State-owned lands elsewhere for the Rotenberger Tract lands. The advantage
of this option, or a variation thereof, is that no cash outlay will be required

in order to assemble the lands required for the Holey Land Reservoir.
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It is recommended that the Holey Land Reservoir be established in the
configuration shown on Figure 5, and that the privately-owned lands required
for this Reservoir be obtained by exchanging them for State-owned lands

either: (a) in the Holey Land "toe", or (b) elsewhere in the State.

Reservoir Regulation Schedule

The evaluation summary on page 72, indicates that the choice of regulation
schedule lies between the 12'-15' and the 12'-16' schedules. Recycling per-
formance and cost-effectiveness {in terms of recycling capability) indicate a
selection of the 12'-16' scheduie.

However, recycling performance should be considered also in terms of
effect on the Lake Okeechobee water budget. On an annual average basis
the increased draft on Lake storage with a 12'-15' schedule for the retention
area is 13,600 A.F. when compared with the 12'-16' schedule (See table on
page 67 ). Experience and judgment indicate that ordinardly en increased draft
of this magnitude is not significant. Its degree of significance will not be
altered as future demands on Lake storage increase, since the implementation of
the new regulation schedule for the Lake will increase Lake storage capability.
Accordingly, although cost-effectiveness considerations based on recycling
performance indicate a preference for the 12'-16' schedule for the retention area,
cost-effectiveness is not an over-riding factor in comparing the 12'-16' schedule
with the 12'-15"' schedule.

The charge under which this investigation was undertaken was interpreted
to mean that the optimal overall plan be developed. This report indicates that
significant advantages to fish resources and to the public would accrue from
construction of fish concentration canals within the Holey Land Reservoir. The
12'-15' schedule first costs for reservoir construction are $850,000 less than the

costs for the 12'-16' schedule. If a portion of these savings are applied to the con-
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struction of fish concentration canals & better overall multi-purpose plan,
with 1ittle or no sacrifice of other important values and considerations,
will result.
It is recommended that the 12'-15' regulation schedule be adopted, and
that the construction of six miles of fish concentration canals (to the dimensions
specified in this report) at an estimated cost of $540,000 be incorporated in

the initial construction of the Holey Land Reservoir system.

Flow Re-direction and Retention Area Facilities

It is recommended that "hump removal" enlargement of the Miami and North
New River Canals be to the capacities which have been established by the
Corps of Engineers for Lake regulation purposes; i.e., 2000 cfs capacity in
the Miami Canal and 1600 cfs capacity in the North New River Canal.

It is further recommended that the construction of the canal enlarge-
ments be placed in a high priority category for funding under the Central
and Scuthern Florida Project.

It is also recommended that the retention area facilities for the Holey
Land Reservoir operating under a 12'-15' regulation schedule be provided

as described in this report.

The Rotenberger Tract

A retention area on that portion of the Rotenberger Tract west of the
Miami Canal has limited usefulness, if any, as an irrigation water re-cycling
facility at the regulation schedules considered and tested. As indicated
earlier in this report it does not appear practicable to consider management

of this area for values other than maintenance of a huntable deer herd. In
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addition, it is not considered justifiable in terms of need or cost-effectiveness
to spend in excess of $5 million for at best a marginal increment in recycled
water which would only be available, if at all, at the 12.5'-14.5' schedule.
However, there may be other valid purposes outside the purview of the
Special Project which would be served by the creation of a managed water
retention area on this portion of the Rotenberger Tract. The substantial
information contained in this report concerning the "Rotenberger Reservoir"
should be useful in the future evaluation of other public needs in relation to
that area. Accordingly, this information should be made available by the
Special Project to other state agencies having an interest in those matters.
It is recommended that the construction of a water retention/recycling
facility on the Rotenberger Tract west of the Miami Canal not be implemented
as an undertaking of the Special Project in the Everglades Agricultural Area,

since it does not satisfy the stated objectives of the Special Project.

Conservation Area No. 3A

A detailed analysis and evaluation of the northern portion of Conservation
Area No. 3A as an alternative water retention/water recycling site was not
made during the course of this investigation. It was believed that sufficient
information would fall out from the detailed analysis and evaluation of the
Holey Land site to permit a preliminary assessment of a site in the con-
servation area to be made. A more detailed analysis will require certain site-
specific information; in particular topographic data and sub-surface information
sufficient for determination of seepage characteristics. However, the site-
specific data obtained on the Holey Land site can reasonably be extended to

the adjacent conservation area, as modified by other available information.
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There will be large volumes of flow available at S-7 and S-8 (flows
generated from the S-7 and 5-8 drainage areas plus re-directed flows from
the Lake). But, as noted in this report, the alternative retention area
system should be operated to ensure within reasonable Timits that historical
flows into the conservation areas are maintained. Those flows should
neither be significantly diminished nor materially augmented by runoff waters
originating in the Everglades Agricultural Area. Therefore, even though
there are large volumes of water available and large amounts of land in the
northern portion of Conservation Area No. 3A on which to store it, much of
that land is superf]uoué because not all of the runoff water which will
arrive at $-7 and $-8 can be made available for storage in the alternative
retention site. ATl of this water cannot be placed in storage in the upper
end of Conservation Area No. 3A, since by doing so, the.rémafnder of the con-
servation area system downstream would be deprived of water it would other-
wise receive.

The constraint of reasonably maintaining historical flows to the con-
servation areas, together with the other ecological constraints of a 3.0
ft. to 4.0 ft. maximum regulated water depth and a maximum June stage
rise of 1.0 ft. in the retention area, will be applicable to a retention
site in Conservation Area No. 3A. Analysis of the Holey Land Reservoir
operating under those constraints has indicated that a retention area of
30,000-35,000 acres is about optimal with respect to both filling perform-
ance and recycling capability. Consequently, an optimum retention/recycling
site in Conservation Area No. 3A would be of similar size.

With a conservation area retention site having approximately the same
surface area and regular configuration as the Holey Land Reservoir it is our

opinion that the cost of constructing the facilities needed to create a
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sub-impoundment in Conservation Area No. 3A will also be approximately the
same. The allocation of costs to various elements of the retention area
might possibly change. For example: pumping station costs may decrease, but
the cost of intake works, discharge facilities and irrigation water re-
cycling facilities will increase. A preliminary assessment indicates,
however, that total first costs for construction will not differ greatly

from those calculated for a comparable retention site (Holey Land Reservoir)
within the Everglades Agricultural Area.

From an ecological standpoint it is the District's view that an alter-
native retention/recycling area in the northern portion of Conservation Area
No. 3A is not acceptable. The basis for this view is presented on pages 48
and 49 of this report.

The District has previously expressed its position in regard to the
creation of a sub-impoundment area in the northern portion of Conservation
Area No. 3A. This area was considered by the Corps of Engineers as a location
for creation of additional storage during the investigations which resulted
in the "Water Resources Plan" (1968) for the C&SF Project. In a letter dated
August 23, 1967, to the Jacksonville District Engineer, signed by the
Executive Director, the following position was stated:

"We object to the imposition of a regimen of higher water

elevations in the Pool 3C portion of Conservation Area

No. 3."
"Poo] 3C" was the designation given to that portion of Conservation Area No.
3A lying north of Alligator Aliey. The "regimen of higher water elevations"
produced a maximum water depth of 4.0 ft. in the proposed sub-impoundment.

The position of the District with regard to the creation of a sub-
impoundment area, or areas, in the northern portion of Conservation Area No.

3A, as expressed in the referenced letter, has not changed.
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Pertinent Data for Recommended Plan

1.

The average annual volume of runoff which will be directed away
from Lake Okeechobee is an estimated 203,910 A.F., a 94% reduction
in the volume now being discharged to the Lake at $-2 and S-3 from
the Miami and North New River Canal basins.

An estimated average volume of 84,700 A.F. will be recycled into
the Miami and North New River Canals to meet irrigation require-
ments in the service areas of those canals; a supply which repres-
ents an estimated 47% of the average annual irrigation water
requirement of those basins.

The estimated first costs, exclusive of acquisition costs of ..

reservoir lands, are:

(a) Retention area $ 6,762,000

(b) Fish concentration canals 540,000
Sub-Total $ 7,302,000

{¢c) Flow re-direction 7,195,000*
Total $14,497,000

*These costs to be borne by the Central and Southern Florida
Project.

The estimated annual costs assignable to the recommended plan,
based on a 5 7/8% interest rate, 30-year 1ife, and exclusive of

reservoir land acquisition costs, are $620,000.
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FIGURE 12 MATRIX OUTLINING RELATIVE EFFECTS OF VARIOUS WATER REGULATION
SCHEDULES ON FISH, VEGETATION AND WILDLIFE IN THE HOLEY LAND
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RAINFALL AT S-8 IN INCHES

JAN FEB MAR APR MAY JUN JUL AUG SEP 0CT NOV DEC TOTAL
1963 1.61 4.16 0.17 1.38 4.32 4.14 0.31 5.60 7.19 1.70 2.81 5.05 38.44
1964 1.35 2.59 3.40 4.71 4.89 10.34 8.46 6.59 5.79 7.14 0.92 2.38 58.56
1965 0.10 2.79 0.39 0.90 1.92 5.88 11.54 8.19 7.76 5.88 0.25 0.80 46 .40
1966 3.95 0.83 0.14 1.49 4.13 19.84 6.46 3.43 5.68 6.05 0.07 0.78 52.85
1967 0.60 2.89 0.43 0 2.24  13.35 10.60 3.77 8.57 4.21 0.26 1.61 48 .53
1968 0.45 2.52 1.12 0.69 10.38 14.87 9.62 3.67 4.69 6.14 1.04 0.20 55.39
1969 1.47 2.01 2.99 2.71 4.71 9.00 5.91 4.67 4.67 9.88 1.44 1.80 51.26
1970 1.80 2.61 10.53 0 9.64 8.32 10.37 7.29 5.52 3.62 0.16 0.78 60.64
1971 0.53 2.64 0.60 0.08 4.47 7.05 4.59 4.98 5.60 6.87 3.70 1.72 42 .83
1972 0.48 1.85 5.95 5.98 5.67 8.29  6.25 3.71 5.27 0.85 2.25 1.78 48.33
1973 2.57 0.76 3.93 0.31 3.66 4.76 10.36 6.33 8.90 3.63 0.06 1.75 47 .02
Average 1.36 2.33 2.70 1.66 5.09 .9.62 7.68 5.29 6.33 5.09 1.16 1.70 50.02
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CLASS "A" PAN EVAPORATION AT S-7 IN INCHES

. JAN FEB MAR APR MAY JUN JUL AUG SEP 0CT NOV DEC TOTAL

1963 2.48 2.51 5.38 6.35 4.93 4.47 5.48 4,22 2.61 3.80 2.65 2.12 47 .00
1964 2.08 3.14 4.29 5.52 5.17 3.52 4.58 3.9 3.61 2.97 2.83 2.47 44 .14
1965 3.02 3.10 5.38 6.06 6.87 3.13 3.52 4,04 3.13 3.25 3.34 2.86 47.70
1966 1.99 2.94 4.53 5.37 5.13 2.91 3.70 4.16 2.69 2.69 3.19 2.46 41.76
1967 2.67 2.90 4.93 6.27. 6.69 2.17 4.41 2.75 3.24 2.91 3.01 2.55 44 .50
1968 2.68 2.86 4.77 5.31 3.84 2.79 5.03 4.26 2.97 3.39 3.14 2.95 43.99
1969 2.39 3.43 3.35 5.21 4.17 3.27 4.03 3.93 4.14 3.59 3.40 2.87 43.78
1970 2.76 3.09 4.11 6.45 5.49 4.31 3.38 5.73 4.25 3.72 4.05 3.46 50.80
1971 3.40 3.59 6.36 7.20 7.12 3.42 4,06 4.42 3.01 2.71 2.75 3.27 51.31
1972 2.88 3.56 5.44 5.59 4.22 3.80 4.79 4.28 4.10 3.27 2.74 3.18 47 .85
1973 3.15 3.48 5.49 7.09 6.34 4.70 3.17 3.03 3.81 3.62 3.56 2.91 50.35
Average 2.68 3.15 4.91 6.04 5.45 3.50 4.20 4.07 3.41 3.27 3.15 2.83 46 .65
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RUNOFF FROM NORTH NEW RIVER CANAL CFS-DAYS

YEAR JAN FEB MAR APR ~  MAY JUNE JULY AUG SEPT oCT NOV DEC TOTAL
1962 2 0 3136 2415 194 11,411 13,085 10,258 30,794 14,L465 1563 0 87,323
1963 170 4439 0 0 6542 819 0 2006 8315 2842 1519 2779 29,431
1964 8388 1857 491 3396 1528 6848 6389 9455 7229 21,559 4498 5823 77,461
1965 0 4787 3389 0 0 12,597 18,484 12,061 11,634 13,405 1377 0 77,734
1966 5072 5995 785 1977 3304 29,442 45,938 19,737 23,785 21,969 1725 1998 161,727
1967 844 8577 1678 0 0 15,031 19,017 20,327 17,984 28,666 1335 5317 118,776
1968 1216 hs575 2335 0 15,713 47,321 33,639 8662 30,449 24,359 1558 0 169,827
1969 6288 4231 11,402 3762 6294 27,616 13,949 19,915 21,639 18,739 13,488 5840 153,163
1970 12,823 12,520 47,736 1529 16,841 24,034 21,582 10,808 5909 2603 . 29 0 156,414
1971 510 1968 304 0 hoh2 27,684 24,630 18,4508 39,426 25,559 11,119 1590 155,440
1972 2307 3021 2371 14,764 42,515 29,121 8194 5816 4862 803 3025 1019 117,818
1973 5013 2420 2917 0 2193 10,152 ki, h4o4 33,558 10,202 k71 0 3141 115,671
AVE 3553 4533 6379 2320 8281 20,173 20,526 14,251 17,686 14,970 3436 2hk25 118,399

JIRRIGATION DEMAND NORTH NEW RIVER CANAL CFS-DAYS

YEAR JAN FEB MAR APR HMAY JUNE JULY AUG SEPT ocT NOV DEC TOTAL

1962 2831 3737 5656 3063 6783 2260 336 82 g4 1919 1145 5710 33,616
1963 4958 2009 6642 14,562 4532 4297 11,316 7654 3822 5397 3513 4503 73,205
1964 2662 3465 6030 6640 6523 364k 1629 1457 414 1977 3h6h 2865 40,770
1965 6907 4480 6969 14,872 20,414 5323 2265 1624 961 1623 3801 11,815 81,054
1966 4382 4322 5172 8032 6512 761 0 1493 428 15 8972 7457 47,550
— 1967 4157 987 6400 19,368 20,633 3728 26 0 0 0 7705 3718 66,722
= 1968 2446 1777 1543 8747 4255 0 727 750 907 946 L4664 10,025 36,787
m 1969 1480 Lyes 2803 9213 2191 1189 2115 1336 700 2504 1071 1586 30,653
w 1970 366 187 321 7366 15,694 0 114 371 646 4058 12,041 14,339 55,503
197} 9807 4832 11,534 16,966 7770 2900 0 708 0 2206 L742 7080 68,545
1972 S481 4k9k2 10,078 6579 0 368 2700 3150 2014 13,691 5951 5320 60,274
1973 2158 1564 6486 15,120 13,421 2648 0 32 420 5499 23,251 7383 77,982

AVE 3970 3064 5803 10,877 9061 2260 1769 1555 867 3320 6693 6817 56,055
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RUNOFF FROM MIAMI CANAL CFS-DAYS

JAN FEB MAR APR MAY JUN JuL AUG SEP 0CT NOV DEC TOTAL
1962 1,039 216 772 1,029 200 7,514 14,453 10,766 28,769 14,985 186 61 79,990
1963 59 3,968 86 0 9,016 3,840 469 2,186 6,310 3,621 1,336 2,655 33,546
1964 . 10,091 6,245 777 2,175 498 4,511 2,386 5,564 13,125 21,537 5,363 5,717 77,979
1965 150 6,651 5,744 0 0 14,104 14,675 10,104 18,476 24,142 1,894 1,015 96,955
1966 8,457 4,117 3,315 1,698 2,403 14,853 32,636 24,236 12,566 9,946 109 209 114,545
1967 360 2,172 0 4] 422 20,563 19,874 16,665 11,848 24,634 556 1,982 99,076
1968 0 3,905 806 0 6,976 42,258 42,930 11,435 19,026 23,688 7,417 0 158,438
1969 2,757 1,462 9,904 203 719 23,379 11,773 21,612 5,293 18,528 11,489 7,975 115,094
1970 6,790 4,123 48,845 6,896 9,451 13,911 19,376 19,059 13,076 9,015 85 ¢ 150,627
1971 365 283 g 0 4,182 15,573 15,304 9,796 34,542 26,911 10,048 572 117,576
1972 749 2,826 998 5,132 18,275 23,067 2,803 5,441 4,738 866 1,017 186 66,098
1973 4,905 808 1,448 0 547 5,891 17,889 22,689 18,173 4,407 0 2,289 79,046

Average 2,977 3,065 6,058 1,428 4,391 15,789 16,214 13,295 15,495 15,190 3,292 1,888 99,081

IRRIGATION DEMAND MIAMI CANAL CFS-DAYS

JAN FEB MAR APR MAY JUN JUL AUG SEP 0CT NOV DEC TOTAL
1962 1,559 1,566 2,516 2,699 4,381 1,565 0 689 0 0 0 1,614 16,589
1963 1,246 0 2,765 6,833 1,856 0 3,358 2,732 1,000 2,101 961 1,550 24,402
1964 633 2,053 2,557 4,263 4,844 1,308 752 1,918 C 0 808 73 19,209
1965 5,079 1,381 1,819 8,281 10,979 2,180 1,874 4 50 385 510 4,137 36,679
1966 136 1,540 4,251 7,522 6,677 2,433 0 0 0 0 3,219 6,953 32,731
1967 4,600 2,683 7,593 10,628 8,696 290 0 0 0 0 3,274 3,054 40,818
1968 4,164 2,818 1,832 8,338 1,821 0 0 0] 0 0 1,301 5,253 25,527
1969 3,022 1,727 785 8,120 9.610 1,943 508 0 149 2,746 0 183 28,793
1970 1,422 2,055 1,141 4,216 9,047 0 0 0 0 1,364 8,968 6,270 34,483
1971 4,855 3,312 6,741 8,825 2,462 1,292 203 401 0 864 2,347 4,162 35,464
1972 3,528 1,949 5,027 1,721 280 212 1,062 5,700 1,375 6,762 2,646 1,953 32,215
1973 1,030 447 1,660 8,783 11,455 5,839 310 0 0 2,410 12,499 3,990 48,423

Average 2,606 1,794 3,224 6,686 6,009 1,422 672 954 215 1,386 3,044 3,266 31,278



IRHIGATION RFLEASES ACrt FEET 17 = 17 REGULATTION
YFAR JAN FFR MAR APR May JUNE JULY AUG SErT OcT nNOV DEC YEAR
1963 ) 0 0 0 0 0 0 n 491, lanég,  BBHG. 853, 25049,
1964 6524, Y0924, 17007, 2101, 1196, o66l, 4714, 6682, B20, 3914, 8354, 5817, 74711,
1965 23732, 11605, 17400, 16703, A l%42, 8195, 3223, 200, 3976, 8536, 31276, 128591,
1966 8946, 11607, 186210, 1”737, N 3643, n 2856, R&47, In, 23623, 27819, 116Aa24,
1967 17339, 7267, <003, 702, n 404, 51, n v " 21738, 13409, 96113,
1968 13088, 909/, nbHB?, 75502, 1012, 0 1439, 1485, 1796, 1a73, 11811, 30250, 104037,
1966 BIl4, 1276n, 7104, 264978, 313, 231, 5194, 2645, 1681, lvose, 2121, 3503, 79299,
1870 3540, 4439, 2895, 17812. n 0 226, 735, 1279, lo73e, 41251, 40806, 123718,
1971 130S8, 0 0 0 0 455, 401, 21986, v syRg, 13460, 22259, 57185,
1972 17838, 13644, ¢r944, 11054, 554, 1148, 7449, 17523, 6714, 39a7s, BGB. 0 145239,
1973 865, 398), 3767, P45 n  lwaé, 614, 63, 83¢, liara, 59576, 19929, 104942,

AVFE,., 10349, T7l2, 11810, 11367, Z2A0, 1957. 2571, 34l0n, 149e, wa0p, 18202, 17811, 95974,

IR-IGATION RE|LLEASES ACre FEET 12 = 17 npGULATINN w]TH TOE
YEAR JAN FFR MAR APR MAY JUNE JULY AUG SErT oCT NOV DEC YEAR
1963 n n 0 0 n 0 fn n 491, l4177. 3053, n 1776l.
1964 6524, 10924, L7002, 786, 974, o©e6l, 4714, 6ER82, 82u, Jdvl4, 8354, 5817, 73175,
1865 24732, 11605, (7400, 18794, n 1942, 8195, 3223, 200e, 3976, A536. 31276, 130681,
= 1966, 8946, 11607, i8620, 1R737. n 3043, n PS56, B4y, 3n, 23673. 27819, 116828,
_ 18967 17339,  7P67, ¢8003, q43G, n 404, 1, n v n 21738, 13409, 97646,
. 1648 13088, 9n9a, A6R3, 27712, 1012, 0 1439, 1485, 1790, is7T3, 1llell, 30250, 106247,
~ 1969 #8914, 12260, 1104, 28409, 313, 231. 5194, 2645, 168y, luo56, 2121. 3503, 82730,
m 1970 3540, . 4430, 2895, 16738, " 0 226, 135, 1279, 1u73g4, 41251, 40R06, 125144,
o 1971 17436, 0 v u n 255, 401, 7196, v @985, 13460, 22259, 61563,
W_W 1972 17838, 13644, cr%a4, 12670 554, 1148, 7449, 17523, 6AT1lu, 3v9aTek. BGA,. 0 146854,
m - 1973 865, 3981, 457, 1G, n 56, &la, 63, 83z, lae2p, 59576, 19629, 100514,
j)
o = .

Ayr, TuTeT., T77rs. 11085, 17345, 25%, te3le S7Y. R4y, 1a49g, - %447, 176TH. Y7733, 96286,

3



TRRIGATION RELEASFES ACrHE FEET 12 - 16 REGULATTON
YF AR JAN FrB MAR APR MAY JUNE JULY AUG SEFT aocT NCV DEC YEAR
1963 n 0 0 0 0 0 0 n 491, l4r4k, BB59, 0 24196,
1964 6524, 1082a, L1002, 786, 1196, beel, 4714, 6EBZ, B2y, 3914, B354, 5817, 733937,
1965 23732, 11608, 17400, 14991, n 1942, 8195, 3223, 200¢, 3976, 8536, 31276, 126878,
1966 8946, 11607, 162N, 18737, 0 3e43, 0 2656, 847, 3n, 23623, 27819, 116828,
1967 17339, 7267, 1t444, Q n “né. 51, f v 0 21738. 13409, 77652,
1968 1308R, 9098, &6B2, 27%62. 321, 0 1439, 1485, 179, 1ir73, 11811, 30250, 100406,
1969 8914, 12760, 7104, 24261, 313, 531, 5194, 2645, 1681, luvoSe, 2121, 3503, 18612,
1970 3540, 4430, 2B95, 17812, n ] 226, 735, 127y, lur3s, 41251, 40806, 123718,
1971 1451, 0 v U 0 855, 401, 2196, v eubs, 134e0, 22259, 45578,
1972 17838, Y3kés, 23653, 11054, . 556, 1148, 7449, 17523, 6710, 3skll, SR, 0 136283,
1973 865, 13I9B1, 2599, 245, n 1194, 614, 63, B3z, lsepPa, 59576, 19929, 103526,

AVE. 9294, 7712« 10309, 10043 217, 1489, 2571, 3410, 1496, Y075, 18202. 17733. 91552.

IRHIGATION RELEASFS ACHE FEET 12 - 16 mREGULATION wIlTh TOE
YEAR JAN FrB MAR APR MAY JUNE JULY aUG SEkFT ucT NOV -DEC YEAR
1963 n 0 0 0 n 0 n n 491, 12097, 2G28. 0 15511,
1964 6524, 10926, le6bis, 0 758, bb6l, 4714, heR2, 82u, 3agls4, B354, 5817, 717175,
— 1965 23732, 116085, 17400, 16703, A 1942. 8165, 3223, 20ng, 3676, 8536, 31276, 128591,
N 1966, B946, 11607, 1Rr620, 18737, n 3643, n 2956, Baf, I, 23623. 27819, 116828,
11967 17339, 1267, 7724, 0 n - 404, 51, n v 6 21738, 13409, 82932,
p 198 13088, ©09A, A6HBEI, PEENZ, 321, 0 1439, 1485, 1796, inT3, 11811, 30250, 103346,
- 1969 8914, 1276n, 7104, 27455, 313, 531, 51G4, 2645, 1681, tunse, 2121, 3503, 81776,
m 1970 3540, 4435, 2RGR, 19p38. n 0 226, 735, 1279, lu73s, 41251, 40806, 125144,
= 1971 100, ] ] 0 n £S5, 401, 2196, U «u55, 13460. 22259, 50227.
me 1972 17838, 13644, 7149, g2l 554, 1148« 7449, 17523, 671u, 3oxl1, 898, N 138243,
m 1973 865, 333a, 263, 0 n 556, 614, 63, 83z, l3e2n. 59576+ 19929, 99664,
N = .
> .

J
(88

AV, w71 7. 765, jnF

Y]
~4
-
[N
Lad
L]

2185,

N

Re 1RABN. 177, 1431l 257} 3430, 14%9R.  Taxps,

e



IRKIGATION RELEASFS  ACKE FEET 12 - 15 WEGULATTON

YF AR JAN FEB MAR APR MAY JUNE JULY AUG SEFT ocT NOV DEC YEAR

1963 n 0 0 0 0 0 ) n 493, laersp, 6758, 0 22095,

1964 6524, 10924, 17002, 1148, 1196, 6066l, 4714, 6682, 820, 3914, 8354, 5817, 73759,

}965 23732, 11605, 17400, 12165, n 1v42, 8195, 3223, =200z, 3976, 8936, 31276, 124052,

1966 8966, 11607, 18620, RET4. n 3643, 0 2856, Bé41, 30, 23623, 27819, 106766,

1967 10815, 257, 17217, 0 n an4, 51, n u 0 21738, 13409, 538%2,

1968 13088, 609, &6BZ, BART0, 0 0 1439, 1485, 1796, 1u73, ll8ll, 0250, 86393,

1969 8914, 1226n, 7104, 17990, 46, 531, 5194, 2645, 1681, 1loo5e, 2121, 3503, 72044,

1970 3540, 4430, 2R9S. 17812, n 0 226, 735, 127y, 10736, 41251, 17440, 100352,

1971 f 0 0 0 0 55, 401, 2196, v 4955, 13460, 22259, 44127,

1972 17838, 13644, 3477+ 4039 554, 1148, 7649, 17523, 6710, 3o&ll. 898, 0 105092,

1973 8eS5, 398y, 2599. 245, n llgea, 614, 63, 832, l3e2ms, 50680, 2061, 76762,

AVE. 8569, 7074e 7545. 6450 163, 1489, 2571, 3410, 1496, 4075, 17203, 13985, 79030,

IR [GATION RELEASES ACRE FEET 12 15 HREGULATION WITH TOE

YE AR JAN FEB MAR APR MAY  JUNE  JulLy  AUG SErT ocT NGV DEC YEAR

1963 n 0 0 0 0 0 n n 491, 12092, 2928 0 15511,

1964 6524, 10926, L6604, 0 758, 6e6l, 4714, 6682, 820, 3914, 8354, 5817, 71775,

_. 1965 23732, 1160%, 17400, 13541, n iw42, Bl95, 3223, 2002, 3476, 8536, 31276, 125428,

o 1966 8946, 11607, 18620 11664, n 3643. n 2956, 84y, 3p, 23623, 27819, 109755,

1 1967*15252, %7, 7217, 0 0 404, 51, 0 v p 21738, 13409, 58329,

= 1968 13088, 9098, 6683, 10450. 0 n la39, 1485, 1796, 1k73, 11811, 3n2s0, 87973,

o 1969 8914, 1226n, 7104. 1904F, 46, 531, 5194, 2645, 1681, lonSg, 2121, 3503, 73900,

m 1970 3540, 4439, @2BY5, 19238, n 0 276, 735, 1279, 10734, 41251, 21808, 106146,

H4c 1971 n u Y 0 n 0 401, 2196, v auBe, 13460, 22259, 43271,

G 3= 1972 17838, 13644, 7618, 3966 5564, 1148, 7449, 17523, &71u, 3/656, 898, 0 114802,

Mmoo 1973 B6S, 2978, 103, 0 n 354, 6l4, 63, B3z, lde2a. 56060, 2061, 77508,
o=

@ AVF, BY9T73, 6976, 7habe 7155 123, Huum.. 2573, 3410, 1450, -wmulp. 17344 14382, BO4GO.
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YEAR

1%
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

AVE,

YEAR

1963
1964
1965
1966
1567
1968
1969
1970
1971
1572

1973

AVE,

JAN

6524,
23732,
7R78,

5712,
4176.
3540,

3714.
865.

5104,

JAN

6524,
23732,
7878,

6623,
4176,
3540,

6180,
865,

5411,

IRRIGATICN RELEASFES
FrFR MAR APR MAy
n 0 0 f
10926, L6604, t] il
11608, gB11. it n
11607. ~%00, 0 n
257, p&HOR, 0 0
198, 4B4S, 0 0
41R», #9971, &899, n
4430, pH9%, 0Q)(04. fn
0 0 0 n
3105. 0 10 554,
3207 2673 . 19 n
4502, 48611, 1430, 50,

IRRIGATION RELEASFS
FFR MAR ARPR MAY
0 0 0 0
10928 —mNUDQ 0 n
11605, 11003, 0 o
11607, #1I1DR. 0 n
257, 193&, 0 0
19a. 4l4?. 0 0
3429, 6461, ﬁNNQo 0
4430, 2895, 1102t 0
0 0 0 n
310%. 0 y] 554,
1601, 69, 0 n

ACwe FEET

wUNE

0
2457,
1154.
leb]l .

4nd,

Y

931

0

0
11484

0

«87,

ACre FEET

wIUNE

0
1798,
#7270
186] .
40k,
0
931
0

0
1148,
0

260,

JULY

4714,
4192,

51,
1439,
5194,

226,
401,
2451,
614,

1753,

JULY

4714,
4192,

51,
1439,
5194,

226,
401,
2451,
614,

1753,

12

AUG

n
6682,
3223,
2956,

n
1485,
2645,

735,
2196,
17523,
63,

3410,

12
AUG

6682,
3223,
2956,

1485,
2645,
735,
2196,
17523,
63,

3410,

14 nFGULATION

SErxT

497,
82u,
200e,
84y,
0
1796
168,
1279,
0
671y
B3c.,

1456,

14 REGULATION

SErT

49,
82u.
200¢.
847,
v
1796,
1684,
127y,
7]
Oﬂwco
B3¢,

1496,

uCT

lande,
3914,
3976,
an.

0
1873
lunBea.
1u736.
w955,
22367,
13628,

1853,

uCT

9417
3914 .

3976,

3ne.

0
1873,
lup5h.
19736,
4955,
22367 .
Hh?N@o

1359,

NCV CEC
29z78. n
83%4, 5817,
88536, 27029,

23623, 151493,
21738, 13409,
11811. 26725,
2121. 3503,
34111, 0
13460« 222509,
0 0
27045, 0
13575, 103408,

wITH TOE

NCV DEC
192G, n
8354, 5817,
8536, 29124,

23623. 18236,
21738, 13409,
11811. 28981,
2121. 3503,
36185, 0
13460. 22259.
0 0
29106. 0
14260, 11031,

YEAR

18266
&£6813,
95259,
708%2.
38467,
55iRA9,
47680,
67065,
43271
57583,
46536,

55180,

YEAR

11836,
64780,
97811
73147,
7796,
58359,
45023,
71054,
43271,
60038,
46780,

55445,



IRKIGATION RELEASFS  ACRE FEET 13 - 17 REGULATTON
YEAR JAN FFR MAR APK MAy <UNE JULY AUG SErT OcT nNOV DEC YEAR
1963 n 0 0 0 0 0 0 n 0 n 0 0 0
1964 57982, 10926+ 1000, 0 0 0 3382, 6682, B2ue 3914+ B3S54e 5817, 46667,
1965 23732, 11605. 2016, 0 0 0 0 3223, 200z, s3976. B536, 31276, 86365,
1966 8946, 11607, 4227, 0 0 0 n 2656, 847, In. 23623. 27819, B800%5.
1967 17339, 1725« 2245, ] n 0 16, f 0 p 21738. 13409, 56472,
1968 13n88, 90SR. 3247, 0 n 0 1439, 1485, 1796« 1#73. 11811« 30250, 74088,
1969 8914, 1276n. 3960, 0 0 0 S1S4, 2645, 1681, lucSee. 2121s 3503. 50334,
1970 3540, 4439. 289E, 0 0 0 226, 735, 1279, lur3hk,. 41251. 26589, 91690,
1971 N 0 0 0 n 0 401. 2196, 0 4956. 134R0e 222594 43271,
1972 178238, 13h44, 414N, ] n li4B. 2451, 17523, 67lyus 23RRS, 0 0 87340,
1973 865, 1603, 0 0 0 0 614, 63, B3¢, 13r2a., 595764 4984, B2165.
AVE, 9096, 69932, 2157, 0 0 104, 1246, 3410, 1452, e6&s41, 17315. 15082, 63495,
IRR]GATION RELEASES ACwe FEET 13 = 17 REGULATION wITH TOE
YFAR JAN FFH MA R APR MAY  JUNE JULY A UG SErt ueT NOV DEC YEAR
1963 n 0 0 0 i 0 n n 0 o 0 0 0
1964 A 654n, 0 0 0 0 3362, 6682, 82¢, 3914, B354. 5817. 35497,
1965 23737. 11605. 2734, e n 0 o 3223, 200z. 3976. 8536, 31276, B70B4,
. 1966 8946, Y1607, 4227, 0 n 0 n 2956, Bé41, 3p. 23623, 27819, B005H,
W 194717339, 558Bn, 1936, 0 N o 16, n v 0 21738, 13409, 60018,
' 1968 30gRB, 9n9R. 3928, 0 0 0 1439, 1485, 179, &73. 11811+ 30250. 74769,
<1969 8914, 12260 3960, 1 0 0 5194, 2645, 1681, lypBe. 2121s» 3503, 50334,
o 1970 3540, 4439, 7855, 0 0 0 226, 735, 1279, lu73e, 41251. P7R15, 92915,
o 1971 n 0 U 0 0 0 4p1, 2196, v 4955, 13460. 22259, 43271.
= E= 1972 17838, 13644, 6N23, 0 n 388, 2451, 17823, €Tly. 2z367. 0 n R6944,
=X 1973 865, 366, Y 0 n 0 614, 63, B3z, 13ec22, 59576. 10880, KR6824.
m = .
[
mwuu Avi, BSRG, 6833, 2337, r o 3. 12e&, 3410, 145z, .0R03,. 17315 15730, 63426.



IR IGATION RELEASFES ACrt FEET 13 « 16 mESULATION wIiTH TOE
YEAR JAN FeB MAR APR MAy JUNE JULY AUG SErT OCcT NOV DEC YEAR
1v62 n 0 0 0 0 0 n ) n 0 0 0
1564 n 2685, 0 0 0 0 3362, 6682, 82u, 3914, B3S54. 5817, 31634,
1965 23732, 11606, 2734, 0 0 0 n 3223, 200z, 4976, B536, 31276, AT0He,
1966 8946, 11607, 3404, 0 8 0 0 2956, B4/, 30, 23623, 27816, 79232,
1967 1113, 257, 1663, 0 0 0o - 0 0 0 n 21738, 13409, 38180,
1968 13088 1649, 2245, 0 0 0 1439 1485 179, 1873, 11811, 30250, 65637,
1969 8914, 4183, 3316, 0 0 0 5194, 2645. 1683  lupSe, 2121, 3503, 41612,
1970 3540, 4439, 2895, 0 0 0 226, 735, 127v, lu73e, 41251, 8358, 73458,
1971 n 0 0 0 0 0 401, 2196, 0 4955, 13460, 22259, 43271,
1972 19527, 3584, 0 0 0 0 S54, 13300, 671y, lvJuBe, 0 n Sa716l,
1973 865, 253, 0 0 0 0 6l4, 63, 83¢, 13628, 42697, 0 58952,
AVE, &B84, 3660, 147R°, 0 0 0 1072, 3026, 145, 6205, 157R1. 12972, 52529,
IRR[GATION RELEASFS ACHE FEET 13 -~ i6 REGULATION

YEAR JAN FgA MAR APR MAY GUNE JULY AUG SErT acCr NOV DEC YE AR
1963 n 0 -0 0 0 0 0 0 0 n 0 0 0

. 1964 4548, 10504, 60R . 0 0 0 3362, 6682, 82u0. J914s 8354, 5SB817, 44611,
w 1965 23732, 11605. 089, 0 0 0 a 3223, 200z, 3976. 8536. 31276, 85438,

' 1966 8946, 11607, 3087. 0 0 0 n 2956, 84/, 30, 23623. 26659, 77755,
o 1967 n 257. 141N 0 n 0 0 n 0 n 21738. 13409, 36814,
o 1968 13088, I96. 2499, 0 0 0D 1439, 1485, 17%6. L1873, 11811s 30250, 64637,
M 1969 8914. 5532, 2271 0 0 0 194, 2645, 1681, luoS6. 2121 3503. 41917,
HE 1970 3540, 4439. 2895, 0 0 o 226, 135, 127y, lu736. 41251. 2099, 67199,
Z235 197 n 0 0 0 0 0 401, 2196, 0 «uS&, 134860 22259. 43271,
M 1972 12874, 4639, 0 0 0 0 5%4, 14690, 6710« 20700. 0 0 60167,
wﬂm 1973 865, 485, 0 ] ) ] 614, 63, 83z, 13628. 37226, 236, 53%4c.
AVE, 6955, 4497, 1260, 0 n ¢ 1072, 23152, 1452, 352, 15284. 12318, 52341,



Fiuw IN S=7 1IN CFS 12 =« 17 ReGULATION
YF AR JAN FFR MAR APR MAy JUNE JULY ALG SErT OCT OV DEC YEAR
1963 n P24 0 0 rla4l, 0 n n 298¢z, Fbe 113. 1740, 7266,
1964 3165, 0 0 «03, 1528, 1385. 510, 2279, 386, lunhg, 488, R1s, 22028,
1945 y 59n, 3314, 0 n BU46, 6055, 1413, 26453, ap5S5, 413, 6 23729,
1966 467, 2P4ir, 313, 138, 3304, 272687, 33144, 4829, 592bH, 6HEG, 0 0 79780,
1967 n PHT3, 0 U n lee77, 8190, 3875, 4937, li1n2, 0 1517, 44571,
1968 n 63n, 3ug, ¢ 1e713, 43%26, 25269, 617, 14249, lupzaes, 0 0 111038,
1969 1009, 71e, 210, 2n34. £&294, lysp4, 3260, 5575, 650e, 6al), 4734, 608, 65482,
1970 2494, 6967, 43476, 1758, 15707, 1lsl48, 10350, 4112, 937y, n U 0 103945,
1971 n 1 u 0 9R2, l9667. 6550, 4R72, 23831, 9n79, 4683, 606, 70871,
1972 475, 19a, 417, 12054. 42515, 21w96, 596, 749, G4r, 53. 241, 0 79236,
1973 720, q87,. 640, 0 %43, 1003, 24410, 14520, 1899, %71 0 55%,., 45539,

AVE, 766, 1377, &160. 150Be RO6K6, 15uSl. 10758, 3849, 5903, behkAa. G70. 536, 59408,

FLuw IN S-7 IN CFS 12 « 17 REGULATION WITH TOE

YEAR JAN FFB MAR APR MAYy JUNE JuLyY AUG SErT ocy NOV NEC YEAR

1943 n 224, 0 0 2141, 0 0 n 298¢, b6 113. 1740, 7266,

1964 3165, 0 n aN3A, 1528, 1385, 510, 2279, 386, lukng, 48, BR75. 22028,

1965 n 59n, 1314, 0 n 4216, 53p5, 1413, 2725, 4bo05, 413, 0 21481,

B 1966 467, 240a, 313, 40R, 13304, 2¢6R7T. 33144, 4128, 5925, 6565, 0 0 79349,

. 1967 n 2671, 679, 0 n leer?, 7867, 3136, 483/, lou352, 0 1517, 43418,

L. 1968 n 63n, 389, 0 18713, 43426, 24615, 617, 14249, luzés, 0 0 110384,

~ 1969 1009, 7la, &H997., Pn34. &294, 2u3n8, 3I26n, S575, 6504, eHl1, 3584, 608, 65703,

DT 1970 2523, 7691, «a4P2h.  }7%8. 16091, 17958, 9600, 4112, 937, 0 0 0 104798,

42 1971 n 1, v 0 e82, luygs7, 6550, 4872, 23831, uW92q., 4683, 606, 69711,

&L 1972 575, 198, 698, 120874 42515, 21c64, 596, 249, bé4c, 51, 241, 0 79128,

a3 1973 120, 6A2. 640, U 504, 1u03. 23660, 14520, 189v, w71, 0 555, 44750,
o
h =

AVE . TeG, Thidn, wiRT1, 15f » BNAT ., lusPha. 10662, 3718, mﬂwr.. SrRYG . 907« 536, 58911.



v9 318vVL

NOILYIN93Y 9T - 21

YFAR

1963
1964
1965
1966
1967
1968
1969
1870
1971
1977
1973

AVE.

YFAR

1963
1964
1985
1966
1967
1948
1940
1970
1¢7)
1972
1ar3

LVF .

JAN

34465,
667,
1209,

1598,

675,
520,

a1z,

FLuw IN S=7 IN CFS
FFR MAR APR MAY
A24 0 ¢ vmkuu
v ) n6l. 1528,
B9n, az76. 0 0
1921, 53. 52. 1258,
2971, 0 0 Y
RS1. 0 0 15713,
919, «b27. P134. F294,
K963, 44BT6. PR0B, 158157,
1709, u U 282,
29a. 517. 9760. 472515,
BE>, 791, v 595,
1473, 4831, 11395. 7898,

FlLuw IN S=7 IN CFS
FrE MAR APR MAY
3P4. 0 0 2541,
0 0 neR, 1528,
3030 UNQ?- C fi
1921, 53, 160. 3304,
29713, U 0 n
A5, 0 0 15713,
Qlag, 4627, 2134, KP94,
747, 44526, 2R0A, ]5807,
179, U 0 1282,
2Y9n. 517« 10430 42515,
aep, 791, 0 604,
150%.,  sR9r, Tabhbe AlAG,

JUNE

0
L8RS,
196,

23rH7,.
12477.
45 3R0,
2ughb,

18569,

2ucédl.
NH&HO.
1155,

19407

JUINE

0
Juak,
I.r..@m-
23¢R7.
12477,
43730,
1924,
15iB81.
19082,
2135,

17585,

1=uRG .

12

JuLy AUG

n 71.

$10, 2679,
10196, 2194,
42038, 5679,
11669, 4630,
28470, 1017,
6245, 7058,
16033, 4612,
10663, 6072,
1260, 481,
28625, 16338,
14219, 4648,
12

JULy AUG

n 71,

310, 2679,
5705, 2194,
33384, 5879,
7607, 4630,
Pa833, 1017,
429%, 1068,
10273, 4612,
gOB9, 6072,
1260, 481,
2937y, 16338,
1115%%, 4haM,

16 FGULATION

SEry

3536,
SBo,
3243,
177y,
£081¢,
1604y,
HDZ),
1326,
25720,
G4z,
2224,

6864,

16 RFGULATTOMN

SErT

3530,
580,
3243,
77175,
537,
16049
8021,
132n,
2572u,
S5z,
2223,

80,

ucT

ijﬂl
1cn2s,
“RTh,
13167,
145817,

He23.
n

11563,
153,
H71.

6AR3G,

ucT

ra
ifzuza,
4nTAh,.
f963,
13167,
i.19R13,
9713,
0
iuvwla,
153,
RT3,

652 ) .

KOV

213,
702,
513.

55,
8343,
0
5140,
341,

1119

wlTHh

NOV

213
702,
513.
0

0

55.
5343,
0
4490,
341,
0

1960,

DEC
1840,
1275,
1737.
1055,

706,

855,

€79,

TOE

DEC

1840,
1275,
0
0
1737,
0

1055,

0
706,
0
885,

676,

YEAR

8730,
25921,
30384,
30993,
52740,

lenils,
71796,
111042,
81866,
78378,
53855,

65984,

YEAR

8730,
25921,
26163,
84523,
48028,

115831,
68752,
106574,
76503,
78847,
50614,



a9 378vL

NOILYIN93Y ST - 21

YFAR

1963
1964
1965
1966
1967

1968

1969
1970
197]
1972

.1973

AVE,

YEAR

1963
1964
1965
1966
1967
1948
1969
1970
1971
1972
1973

AVE,

JAN

3465,

667,
1209,
1998,

6715,
920,

312,

JAN

3445,

667,
1209,
1998,

675,
S20,

Biz.

FLuw IN S=7 IN.

Frig M AR APR
324 0 ]
0 0 AkKA,
a9n, 1026, 0
1921, U 52.
29713, 0 0
8%1. 0 2
9lg, 4h2T. 2134,
1745, 43876, 2508R.
176G, U v
298, 517. DNmOn
99n, 4621, 1395,
FLuw IN S=7 IN

FFR  MAK  APR
324, 0 0
U 0 n6R
BGn, 1hza, ]
1921%. U B2,
2971, 0 u
851, 0 v
OHO. PTNQ- VHUPU
1745, 4452R. 750A.
170, v 0
29R. 517, DNED-
88>, T41. . 0
aGn., wbB80. udnmo

CFS

MAY

2541,
1524,

2464,

18713,
6294,
15807,
12BZ,
42515,
643,

rROTZ2,

CFS

MAY

2541,
1528,
n
1834,
fn
15713,
K294,
15807,
1282,
ap%1%,
604,

ROY1,

JUNE

0
JugsS,
196,
23287,
HN#QN-
43uRl.
19174,
18u98.
2U2als
2lalb.

L1155,

15201,

~UNE

0
185,
4466,
23787,
1za47T.
43uR0,
19n24,
1%-10,.
19118,
2lz0%,

1155,

lavple.

JULy

310,
7355,
333r4,
B004,
24922,
4295,
10273,
B0SS,
1260,
25375,

112548,

JULY

0

s10,
6705,
33273,
7607,
24833,
4255,
10273,
8059,
1260,
25375,

1114%,

12
AUG

71.
2679,
2196,
5979,
4630,
1017,
7058,
4612,
6072,

481,

16338,

4648,

12

AUG

T1,

2679,

2194,
5979,
4630,
1017,
7058,
4612,
6072,

481,

16338,

4647,

19 nFGULLATION

SErT

3530,
58u,

3975,

9075,
6087,
16694,
8021,
1652,

2637y,

94,
3523,

7315,

15 kK GULATION

SEry

3536,
S8,
4625,
5079,
6087,
1604y,
BOZ21.,
165¢.

26370,

Gbz,
3523,

i3ls,

ugr

2NS,
13973,
“HTéh,
Hel3,
in117.
142313,
YT,
18.
12663,

153

871,

1290,

uCT

708,
1s3ga,
“wisT6
bel3,
luwkh7,
147231,
Hh23,

184

127132,
153,
i221.

f113.

hNCV

213,
702,
513.

55,
5963,
5140.

341.

1178,

WITH

NOV

213,
702
513,
0

0

55,
5663,
v
5140,
341,
0

1178,

DEC

1840,
1275,
0

0
1737,
n
1705,
0
106,
0
mmm.

738,

TOE

DEC

1840,
1275,
0

0
1737.
0
1055,
0
706,
0
855,

679,

YEAR

B730,.
27871,
26023,
85442,
51025,

116570,
71302,
100587,
adgl2.
78378,
51953,

63527,

YEAR

8730.
27221,
25293,
84701,
49978,

115831,
70062,
101049,
79139,
78167,
52564,

62975,



FLuw IN S=7 IN (CFS 12 - 14 REGULATION
YFAR JAN FFR MAR APR MAY WUNE JULY AUG SErT uCT NOV DEC YEAR
19613 n 5264 ¢ h 2941, 0 n 237, 43w, 4N%, 313. 1940, 10498,
1964 3765, 0 f 1195, 1528, «r00., 1356, 3132, 891, 1%%23, 1568. 1675, 35333,
1965 n 130s, 1324, Y n 9s51, 12892, 3695, 432¢, 7re3, 613, 0 36746,
- 1966 324, 2230, v 152, 926, 21«08, 43254, 10589, 12076, le007. 90. 77. 109733,
1967 n 3464, C v n lroR9, 13120, 10141, 6675, 1v%A0, b 2037, 67686,
1968 no1151,. 16, 0 18713, 47ur0, 31815, 1557, 18299, le702, 155, 0 132488,
1969 1420, 111a, K327. pPP34. £2964, 29990, 5574, 9669, $74¢, llaln. 7457. 2105, BB347,
1670 2618, HRABY, 4700k, P280R, 15907, 24791, 15456, 7473, 2053, 684, 71, 0 127454,
197) n 379, 0 0 1666, 1y£92. 13083, 7428, 29873, loied, 1260, 806, 96580,
1972 ase, 452, 693, 172301, 4P515, 27516, 2036, 8al, 131w, 251, 441 1R, 89074,
1973 1176, 1082, 991, Y 776, w223, 30324, 26643, 5S4l1, 2271, 0 1185, 7127%2,

MVE g78. 1R7). &032. 1672, A024, 18122. 15392, 17222, 86l/t, 93372, 1636, 8%z, 787940,

FLuw IN §=7 IN CFS . 12 - 14 REGULATION  wITH TOE

YFAR JAEN FrR MhR AER MAY. <UNE SJULY AUG SErm oucT KOV - DEC YEAR
1963 n 526 0 0 2941, 0 n 237, 413b, L 313« 1940, 10498,
1964 3765, 0 0 1195. 1928, e&r100, 13%6, 3132, 891, leu73, 1018, 1675, 34233,
19465 n 1306, 1324, 0 A bw51, 12919, 23695, 432z, o347, 613, 0 36077,
1966 Qp4, 2723n, ) 152, “40, P26b%8, 437%2_ 10141, 10876, 11457, S0, 77. 106667,
N 1967 N 3444, 0 U n lrer9, 12570, 10141, 6675, lns3g, 0 2037. 66094,
, 1968 no 115y, 16, 0 1=277, 47uR/0, 31s89, 1417, 17943 162772, 155, 0 131300,
L, 1969 1420, 111a, 6327, 2234, 294, 25040, 5974, S119, 974y, lUrER, 7457, 1555, 86147,
& 1970 2618, 327r, «3i7). 2PROR. 1=907, 29%s4l. 15567, 7473, 2054, tR& ., 1. 0 119263,
Aa 1971 n 379. v v 1666, lsre2. 12207, 7428, 2522¢, lurl3, 7260, 806, 94503,
42 1972 aRe, 455, 693, 12301. 47515, 2/316. 2036, gal, 131u, £53, 441, 18, 89074,
=T 1073 1176, 10A>, 991, 0 767, 2137, 29774, 24072, 5411, 2271, 0 1155. 69436,
— —
I o
anS  AVF. $78, 136r. #T73Pa 1aTPe 7949, 17E73. 18240, 7067, B4&24y, bwu35, 1586, B4p, 76666,
HJ . .



Fluw IN S=7 TN CFS 13 = 17 REGULBTION
YEAR JAM FFB MAR APR MAYy JUNE JULY AUG SEFT ocT NOV DEC YEAR
1963 n P24 0 0 2141, 0 n n 298¢, [ 113« 1740, 7266,
- 1964 3165, 0 0 1383, 1480, 14R5, 510, 2279, 380, luang, 488, 8715, 22730,
. 1965 n 5%9a, 3316, 0 A 9532, 5305, 1413, 2643, 455, 413. 0 23465,
1966 467, 240R, 313, 1507, n 2evB7, 27448, 4128, 5925, 6465, 0 0 T1448,
1967 n 2673. 733, o n 12277, 6139, 3136, 4937, lezen?, 0 1517, 44074,
1968 o &30, 389, 0 12557, 38112, 20974, 617, 14245, lru9s, 0 0 100223,
1969 1009, 71a, r210., 3189, 1951, 2vélB. 3260, 5575, 650+, 6511, 4734. 1358, 63538,
1970 7494, 6963, 434764 1758. 11957, l4z38, 8850, 4112, 937, G 0 N 94785,
1971 n 1. u v 982, lyun3d, 6550, 4R72, 238341, w79, 4683, 606, 70207,
1972 575, 190, 417, 12697. 37942, lbuaT,. 596, 249, 64z, 53, 241, 0 71057,
1973 720, 68>, 640, Y 495, 1v03, 22910, 13770, 1895, &571. 0 555, 43241,

AVE & 766, 137>, %232, 1009, #A319, l3aR2, 9322, 3650, 5903, b5el0. 970s - 605. 55639.

FLuw IN S=7 IN CF5 13 = 17 WFEGULATTON wITH TOE

YFAR JAN FFR MAR APR May JUNE JulLy AUG SEFrY ucT NOV DEC YEAR

1963 n P24 0 0 9141, 0 n n 298¢, b6 113. 1740, 7266,

1964 3165, N 1] 1180 1480, L385. 510 2279, 380, lUHNG. 488 BT75. 22557,

196% " %9n. 3314, 0 N 4fB2. %305, 1413, 2643, 4255, 413, 0 22715.

5 1966 46T7T. P&0n. 313« 1807 n 2ruB7. 26838, 4128, 59925, 6565, 0 0 70838,

T 1967 n 2673, 793 0 o lez77. 6689, 3136, 4937, 1l102. 0 1517, 43124,

L. 1968 n 63n. 389, 0 12557, 3IBIl2. 20974, 617, 1424y, 11745, ] n 99473,

~ 1948 1009, 710, 81%2. 3230e 1951, 2ue18. 3260, 5575, 6504, o#ll.e 4734, 60B, 6277}

Z 1970 2523, 7343 4226 1758, 11957, 13/38., 885p, 3362. 937. n 0 0 94694,

42 1971 n Te ) 0 982, lHz53. 6550, 4872, 23831, lua?g. 46R3. 606, T0207,

S5 1972 575. 19A. 698, 12097 3IR5B4, 17649 596, - 249, b4z, S2. 241 0 71602,

1973 720, 6ABrs 64D 0 495, 1u03. 23660, 13770. 1895, &7). ¢ 555. 43991
oS
o

AVE, 76G. 140a. w326. 1797. &377, l3o66. 93RS, 3582, 5903, umqu. 570. 536, 55385,



I S BN N A A T Bl B BV I BE B T D I R B ..

NOILYIN93Y 9T - €1

39 37avl

YEAR

1963
1964
1865
1966
1967
1968
1969
1970
1971
1972
1973

AVE.

YEAR

1963
1964
1965
1966
1947
1968
19/Q
1970
1971
1972
1973

AVF,

JAN

3465,

66T,
1209,
1998,

675,
920,

#12.

JAN

n
3465

s

0
667,

3 .

N
1709,
1998,
0
675,
Qmo'

817,

FLuw IN 5-7

FFB

umpr

U
R9n,
192¢.
2971,
854,
919,
6367,
17a,
29R.
BB>,

1473

FLuw IN S§5=7

FEB

324
0
B9n,
i9Z1.
2972,
B51,
914,
101430,
17c,
29n,
RAA,

1788,

MAR

A27T6,.
53,

2
5664,
43R7¢&,

S17.
791,

4925,

MAR

3314,
53.

BT27 .
4300,

517.
191.

245,

IN CFS
APR MAY
0 PS4l,
1445. 1528,
0 A
19G7 0
f] 6
0 15183,
3189. 4617,
508, HQNOQ:
U 1282,
12467, 41698,
0 %95,

IN CFS
APR MAY
0 2541,
2r085, memo
0 ‘ n
Hnoﬂof (]
0 n
0 15277,
3788, &901,
2508, 13857,
¢ 1282,
1376R. 47515,
0 59%,
165, 7491,

JUNE

0
1685,
B6R2,
23287
12477,
40116,
1924,
16038,
18742,
18786,

1155,

1429G.,

JUNE

0
185,
3“#@.
23z87.
lz477.
4eu30.
19174,
17209,
lyua2,
19905,

1155,

lathaBe

JubLy

310,
7355,
31358,
7289,
23957,
4295,
10168,
8709,
1260,
25375,

10971,

JULY

S10,
8005,
33510,
8004,
25896,
4295,
10168,

4059,

1260,
26025,

11a67,

13

AUG

71,
2679,
2194,

5979, .

4630,
1017,
7058,
4612,
6072,

481,

16338,

4648,

13

AUG

71,
2679,
2194,
5979,
4630,
1017,
7058,
5262,
6n72,

481,

16988,

4766,

SERY

3536,
586,

3263,

7775,
5437,

16044,

8021,
1652,

2637u,

94z,
2223,

6894,

SErT

3%3s,

SH8e,

37l
B42YH,
q087,

16044,
8021,

1320,

27020,

S4r,
4290,

127c,

16 RFGULATION

ocT

205,
l2673,
4nT6,
Br6Q.,
13817,
15583,
Hh23,
1R,
11563,
153,
K7

6786,

- 16 RFGULATION

uCY

205,
13323,
0583,
auk7,
lbal?,
larnSl,
lunT3,
an,
M#u?&:
153,
iw2l.

fTHA.

NCV
213«

702
513,

55,
5343,

5140,
341,

1119,

WITH

NCV
213,

1382,
513,

55.
59693,

5140,
341

1237,

DEC YEAR
1840, BT30.
1275, 27148,
0 28029,
0 80816,
1737, 48360,
0 110813,
1085, 68517,
0 101040,
706, T7B763,.
0 77648,
855, 50605,
679. 61861,
TOE
DEC YEAR
/
1840, 8730,
1275, 29748,
0 28766,
0 84306,
1737, 52325,
0 116226,
1088, 73208,
0 110848,
706, 81703,
0 BgB0AaRS,
855, S4e2e.
679, bS5 7Tt ,



v

FLUW IN S =g WITH 12,5 = 14.0 AND 12 - 17 KEGULATION CFS
YEAR JAN FER MaR APR MAY  JUNE  JULY  AUG SErT  OCT NOV DEC YEAR
1963 n n 0 0 2421, 0 0 n U. 0 0 305, 2126,
1964 a 0 0 0 n 0 0, 1032, 18y, 6650, 180, 604, 8655,
1965 n 125n, 5116, 0 D «048, 3980, 1150, 3S5le, v520, 300, 0, 28874,
‘1966 1237, 160, 1670, - 560, 330, Ybl18. 22113, 6692, v e6]. 0 0 44687,
1967 n 272, g 0 0 13452, 6271, 1674, 1803, l1sR0, 0 0 35452,
1968 n  39n, 494, 0 332, 39109, 33336, 773, 219¢, e&25g, la8, 235, 89308,
1969 551, 34 6206, 141 603, 15352, 111, 4382, U, T79l1l. 3446, 1478, 40222,
1970 2090, 4532, 43436, 7036, 7802, 8838, 9162, 3820, 221, 3ag, 0 0 87362,
1971 n 0 0 0 591, 3182, 2329, 370, 1330/, lve96, 4753, 0 35628,
1972 n 102, 4, 4257. 18279, loYRa, n 737, 251, b 0 0 406585,
1973 f 0 0 0 n 90, 7080, 1709, 2077, 494, 0 0 11430,
AVE, asz, Té4s 5175. 109 . 3305, lui7l., 7672, 2032, 2l4i, 4905, 806, 238, 38636,
FLUw IN S =p  WITKH 12,5 = 14.5 ‘AND 12 = 17 REGULATION CFS TOE

YEAR JaN FeB MAR APR MAY JUNE JULY aAUG SErFT ucT NOV DEC YEAR
1963 p n 0 0 1821, ) n n O, 0 g 305, 2126,
1964 0 0 0 0 a 0 o lo032, 189, ©623n, 73, 123, 7647,

N 1965 n 125a., ‘1580, 0 n 3577, 3314, 1150, 4055, »n36A, 301, 0 23595,

1 1966  B1B, 204p, 2327, al3, 330, luezn?, 22492, 5942, u 0 0 0 44969,
- 1967 ° n 272, 0 0 n l4cr2, 6537, 965, 1803, wyln, 0 116, 32818,
™~ 1968 N 39n. 797, 0 €994, 39532. 33514, 773, 184%, 6163, 143, D 90155,
‘&= 1969 457, ?54. 7679, 148, 720, lb6k4, 371, 4354, U, 7719, 2056, 50, 39473,
& 1970 2536, S147, 44788, 7391. A705, w©350, 8461, 3820, u 0 0 0 89198,
=% 1971 n U 0 ¢ ®91, 31n7. 2236, 299, 13007, %97, 49G6, p 32434,
01972 f Sla.  263. 44lNe 18365, 17169. o 737, 25i¢, 0 0 0 41713,
<= 1973 0 0 0 0 0 0 6610, 1709, 60y, o 0 0 8928,
bcw. 346, 1160 32411, JuesP0. 7594, 1889, 1976, -3anm, 688, S4, uﬂmmor

Rg7, K403,
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YEAR

16>
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

AVE.

YEAR

1963

1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

AVE.

JAN

22D

1599,

651,
1474,

339,

JAN

FLuw IMN S
FFB MAR
0 G
0 0
650, 4502,
45n, 1080,
372, ¢
HOD. 24,
33, 3026,
4529, 43845,
0 1.
—O&o 44
U u
SR4e 4771,

FLuw IN S
FFRB MAR
0 0

0 o
65n, 3258,
omﬂl W&O\l’.
ua\w. m.
506 332,
253, 23751,
Sl4n, 45099,
0 as,
60q, 108,
a U
ﬂﬂdo bchv

APR MAY JUNE

0 1927, 0

o] ] : 0

0 0 4103,

(1] 24, 10990,

0 n 13452,

0 6344, 39400,

141, 603, 19468,

Tald6, 1552, 8149,

0 O&&o 4u?,

160G« 1r27S, 17014,

V] n 0

799. mNmOt.womﬂm.
-n WITH 12,5 l.ﬂ&-m

APR MAY «+UNE

0 1927, 0

0 0 0

0 ] 3989,

£33, 330, 1ur00,

0 n lae2s,

0 £9%4, 39201,

148, 720, 19182,

7991, QB0S, T7133.

0 791, 9u48,

2324. 1R3T0, 17297,

Q n 0

0%4a 3449, 10361,

AND

JULY

0
o.
7190,
30166,
11251,
38675,
2905,
14590,
3222,
57,
9260,

10665,

AND

JULY

0

)]
3830,
22690,
ar60,
34320,
1044,
9348,
2636,
57,
1510,

8nis,

12

AUG

n-

1232,
1550,
7453,
1424,
1785,
5091,
4377,

el1l,

866,
2301,

2426,

12

AUG

n
1232,
1550,
7453,
1876,
1785,
5091,
4377,

611,
B66,
2301,

2467,

SEPT

0
33¢,
441¢,
a4,
2764,
2992,
u,
A4,
1450,
35,1,
2323,

2558,

16 REGULATION

SEry

0
33y,
411y,
T
211s,
26li,
v,
Ta,
14202,
354,
128,

223,

- 16 EGULATIOAN

OCcT

n

9430,
lin40,
1722,
.w#bmﬂ-
1015,
luas,
679,
13311,
0

915,

0675

ocT

0
H%30,
luvell,
764,
12753,
10706,
9212.
21,
11&53,
]

1.

bE4]1,

NQV

0
593,
400.

0.

286,
2903,

5067,
0

841,

NOV

0
593,
401,
0
0
144,
3049,
0
4641,
0

0

803.

CFS

CFS TOE

DEC

405,
994,
0

0
316,
0
180,

0
0
0
0

170,

YEAR

2332,
12579,
33846,
53155,
44183,

100848,
42835,
93205,
41365,
38374,
14799,

434]11.

YEAR

2332,
11679,
27999,
46310,
38819,
96606,
39757,
89358,
39617,
39983,
10540,

4027,
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YFAR

1963
1964
1965
"1966
1967
1968
1969
1970
1971
1972
1673

AVE,

YFAR

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1873

AVFE,

JAN

188,
1649,

650,
1475,

2> > 2

360,

JAN

FLuw IN S =a WITH 12,5 = 14.0
FFR MAR APR MAY JUNE
0 0 0 2527, 0

0 0 0 n 0
154n, 2008, 0 0 «#103,
461, 31, 0o 28, 9490,
372, ¢ 0 g l3yk2,
19n, 21, 0 eléB, 38117,
3z, Inze6, 141, 603, 15345,
794, #3846, 7036, 7902, sbL18,
V] 1. 0 - &44, 4007,
192, 4, 1608, wmmﬂﬂo 17014,
0 U U 0 0
376, 4449, 769, UN@W. 10095,

FLOw IN S «n WITH 12,5 = 14,5
FFR MAR APR May JUNE
0 0 0 1927, 0

0 0 0 0 0
650, 1983, 0 n 3432,
4#“- 425, 3. 28, 10699,
372 Ze 0 n lac?6.
mo}o um@- 0 }OO&Q UﬁU&#r
253. 3754, 148, 720, 19185,
1336 45100« 7352« RBOS, Bu97.
0 a6, 0 644, SHi18.
607 108, 1724 18369, 1le%8B0.,
0 0 0 0 0
4G, 4 T03. A4P e 3408, 1ue98B.

AND

JULY

0
0,
4770,
22161,
7074,
34087,
600,
9328,
2636,
57,
7510,

8020,

AND

July
0

4120,
22254,
67160,
34313,
1044,
9348,
2336,
57,
7510,

1376,

12 -

alUG

n
1232,
1550,
7453,

1724,

1785.,.

5288,

4377,
611,
866

2592,

2498,

i2 -
AUG

1232,
1550,
7453,
1876,
1785,
5091,

4377,

547,
66,
2301,

746,

15 REGULATION

SErT

0

1748,
6663,
1528,
2906,
454z,
U
957,

1725e,

3515,
426ba,

3656,

15 REGULATION

SEvrT

4]
B4iba
6713,
1403,
2906,
38§g,
c-
957,

1725¢.

351,
325,

34la,

UcTY

]
1yr35,

11039,

F-TY
16760,
11570,
lis11,

1186,
lache,

0

1104,

1378,

(Voh

n
10488,
loel?,

1=T74,
14628,
11377,
10151,
195,
l2eba,

n

1022«

6ANG,

hNCV

0
563,
400,

0.

0

arg9,

- 4340,
0.
S064.

0

¢

S80.

NOV

it
563,
4n0.
0

0
142«
3A503,
O
53n6,
0

it

SNéa

CFS

DEC

405,
994,
0.

0

CFS5 TOE

DEC

405,
994,
)
0
316,

0
150,

oo 2D

170,

YEAR

2932,
15402,
32261,
45845,
42788,
970%2,"

43761},

85420,
44821,
38372,
15469,

42193,

YEAR

2332,
14152,
29460,
45840,
41486,
97874,
41157,
86984,
43896,
39062,
14083,

41484,
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FLUw IN S =p WITHK 12,5 = 14.0 AND 12 = 14 rEGULATION CFS
YEAR JAN FFB MAR APR MAY JUNE  JULy  AUG SErY ({lohs NOV DEC YEAR
19¢3 n 0 0 0 2728, 0 0 n 5. 0 0 505, 3238,
1964 85, 0 0 0 0 801, 0, 2032, 300u, l2sng, 1789, 2741, 22955,
1965 366, 2235, 2409, 0 n S827, 10519, 3165, 784/, le505, 500, 0, 47404,
1966 2301, 684, 30, O 52, 12610, 31251, 12421, 332e, 4271, O 0 eboss,
1967 n 479, v 0 o 15552, 12699, 6732, 36le, 20814, g 0 59894,
1968 0 S9n, 23, 0 6344, 42078, 61714, 3499, 5554, 13963, 285, 236, 114286,
1969 151, B4, 13626, 141, 603, 20300, 2568, 8803, 0., 12980, 4787, 2357, 57001,
1970 1987, 4153, 47981, 7036. R002, 13127, 14314, 8408, 1257, 3050, 0, 0 109316,
1971 0 0 1. 0 744, 4202, 6412, 1729, 209ls, 18354, 6882, 0 59542,
1372 n 365, 4. 308, 1R28B0, 22170, 157, 1066, 49y, 0 0 0 «6la8,
1973 0 ¢ 0 0 o 1105, 10310, 12564, 6362, 1392, 0 64, 32397,

AVE, 499. 781« 4916, 981+ 3341, 12552. 11813, 5495, 4817, 9v258. 1295. 537, 56284,

FlLuw IN S «p WITH 12,5 = 14«5 AND 12 « 14 WREGULATION CFS TOE
YEAR JAN FeB MAR APR MAY JUNE JULY = 8UG SEMT ocT NGV DEC YEAR
1963 n 0 0 0 ps28, 0 ) ) 5. 0 0 505. 2938,
1964 85. 0 0 0 0 gols 0. 2032, 2655, 11967, 1144. 1793, 2n477,
1965 n 2609, 2902, 0 n S684, 10081, 3I195, 7847, 12920, 501, n 45738,
1966 1886, 1137. 449, 3. 52, 13724, 32038, 12733, 2593, 2283, g 0 66893,
1967 o 525 e 0 n 19318« 12502, 6732, 2361w, 17734, 0 516, 56948,
19648 0 785, 32%5. 0 6994, 42928. 42482, 3051, S303, 13224, 142, 0 114838,
1969 657, In3. 4349, 148, 720, 21040 2568, 7953, Ue 11524, %148, 381. 53790,
1970 1877, 2496, 45280« 73R9. R905, 13bpb. 14398, 8408, 1257, 1015, Qe 0 1048B31.
1971 0 0 36. 0 T44, SHe0Z. 5697, 1729, 2n36d, 16207. 7041, 0 57223.
1972 L A 107« 3603. 1R374, 22435, 157, 11n&6, 49ag, n 0 0 47017,
1973 n U v 0 0 835, 1036n, 12314, 6475, 1178, . 0 64, 31226,

AVE, 410, 784. 4859, 1013« 13474, 1670, 11844, 5383, 460z, 8005, 1180. 296. 54720,



FLUw IN S wpa  WITH 12,5 = 14,0 AND 13 = 17 REGULATION CFS
YEAR JAN FEB MAR aAPR MAY JUNE JUlLy AUG SEPY T NOV DEC YEAR
1943 n 0 0 0 1594, 0 0 n U S 0 ies, 1899,
1084 0 0 n. 123, F 0 0 1032, 18, 8330, 180, 604, 10458,
1965 n 125a. 5120, 0 0 3553, 3230, 1150, 3Slu, wslo. 300, 0. 37923,
1966 123%, 1605, 1670, 1&9R, N 99570, 16239, 5942, v 1430, 0, 0 39338,
1967 0 272, v . Q n 13c52. 4S04, 65, 1804, 14572, 0 0 34769,
1968 fn 39n, 493, 0 4236, 33129, 28830, 773, 219z, lug7o, 380, 23S, 80936,
1969 550, 33, #202. 203. 603, 14/60, 111, 4354, 0, Yi92, 3446, 2227, 41682,
1970 2090, 4531. 43436. 7Tn3b. 4479, 6107, 7692, 3820, 221, 488, 0. 0 79906,
1971 n v 1, 0 591, 4is9, 2329, 299, 13307, 11605, 4763, 0 37063,
1972 n 101, 4. 4297. 15432, 13712, 0 737, 251, 0 0 0 34534,
1973 o0 0 v 0 n 0 6leo, 809, 1176, 908, 0 0 9049,

AVE., sz, Thso 85175, 1214 2449, 8928, 6318, 1807, 2060, 9964, 824, 306, 36142,

FLuw IN S =g WITH 12,5 = 1445 AND 13 = 17 KREGULATION CFS TOE
YEAR JAN FER MAR APR MAy JUNE JuLY AUG SEFT oCT NOV DEC YEAR
1943 0 ] 0 0 1594, 0 0 0 0, n 0 0%, 1899,
1964 n 0 Na 31. n 0 ' 0o 1032, 189, 7134, 180, LY L 3166,
1965 n 125a. 3580, 0 0 2803. 3279, 1362, 42p>5, 4928k, 300 S98, 26662
1966 1756, 1742, 2123. 1700, ¢ lot70. 16508, 6761, v | 465, 0 0 41224,
. 1968 0, 39 . 766, 0 4478, 33948, 29049, 2545, 1805, 9317, 145, 48], 82516,
. 1969 710, 47. 6937, 206, 603, lawsnS5, 389, 4257, v. B6l9, 28nS. 2617, 419956,
~ 1970 2698, 4909. 44572, 7250. 4480, H478, 8655, 3619, v D 0 0 Bl661.
21971 0 0 31, e 591, 5133, 2236. £99, 12706, 11057+ 5005, . 37061,
L2 1972 19, 308. 187, 4341 15353, 13119, 221, 737, 251, o 0 0 3452136,
= 1973 ] 0 ¢ ] A 0 63s7T, 619, 1592, 0 ) 0 8567,

—— .
mm AVE, 471, B2A. 5291, 123n. 2454, BYSE, 6620, 1995, 2050, 5153, 767 429, 36254,



FLUW IN S =4 WITH 12.5 = 140 AND 13 = 16 mREGULATION CFS

YEAR JAN FFR MAR APR MAYy JUNE JULY AUG SEry oCT NCV DEC YEAR
1563 - n 0 0 0 1927, 0 0 n 0 0 0 405, 2332,
1056 . . n ] n, 31, L 0 0, 1232, B4y, lu1l3s, 593, 994, 13833,
1965 250, 15619, 4560, ¢ 0 3803, 47249, HQQQ. 461, 10946, 400, 0. 32639,
1966 1600, 45, 1087, 1&9R, n lugll, 20226, 17453, 294, 1R2]. 0. 0 44643,
1967 f 37>, v 0 0 l4z52, 6424, 1821, 2llo, 19351, 0 0 40336,
1968 n 19n. 23. ’ ¢ 5919, 3449, 32766, 1785, 3892, lu9gls, 286, 236, 9nAa6l,
1969 651, 33. 4326, 203, 603, 13916, 720, 5733, v, lungg, 3144, 1497, 41526,
1970 1477, 4531. 43845, 7n36. 5929, 1:65. B9%2, 4377, 791, 1078, D 0 85322,
1971 n ¢ . 0 791, 4635, 3950, 803, 1605¢, 13311, 5067, 0 44609,
1972 0 194, 4e 4P9R8. 17315, 13k29, 57. 866, 35), 0 0 0 36913,
1973 n n U 0 n 190, 7510, 3142, 2500, 917. 0 0  la2s59,

AVE, 362, 66a, 4894, 1206. 2953, 9341, 7761, 2635, 2B&u, b6H34, 863, 285, 40661,

: FLuow IN S =p WITH 12,5 = 14.5 -AND 13 « 16 HEGULATION CFS TOE
 YEAR JAN FeB MAR APR MAY JUNE  JuLy AUG SEFT ocT NQV DEC YEAR
1963 n 0 0 6 1927, 0 0 n 0 0 0 705, 2632,
1964 n 25n, Ne 396, n £9. 0. 1232, 2279, linB8%5, '943. 1294, 17516,
1865 n 174n. 3580, 0 0 6189, 4479, 1770, 6664, lipl8. 400 o0 135839,
1966 1230, 97. 60, 749, n liu56. 20361, 11214, 4467, 2als4, 0 0 51548,
= 1967 . A 677, v 0 n 19¢93, 6669, 4243, 2906, 17613. 0 316. 47913,
. 1968 N S0k 305. 0 2669, 3654, 34365, 5249, 403/, 10659. 1900 0 98544,
. 1969 745, 2T4. &758, 71, 195. 16181, 1310, 6435, v 11620. 5179, 688, 47457,
1878 1494, 528k, #3624, 6196 5905, 9YYp3d. 10414, 86T4, 377y, 2572, 0 0 97846,
M 1971 0 0 11 0 791, 7559« 335¢. 803, 18202, lee16. 3352. 0 486134,
21972 o 94, 15. 2880 13616, 16709, 1113, 866, 1088, 0 e 0 36381
m 1973 199. 0 0 0 n 46l. 7860, 3770, 4359. 1é0. ¢ 264, 17035,
=
sl

AVE, 333. Blrs 4759. RS0« 2282, 11i12. 8188, 4023, 4343, 1467. 1070 297, 455.17.

EYEN VT



FLuw TC CONSERVATION AREA ACRE FEET 12 = 17 meGULATION

YEAR  JAN  FFB MAR AFR  MAY  GUNE  JULY  8UG SEFT  OCT NOV  DEC YE &R
tas3 n. o 0 ¢ n 0 n n 0 n 0 0 0
1o6d 0 0 0 0 2394, 1024, 0 f 0 0 4275, 6 7693,
1965 13901, 1051, €n269. 2275. 43, N 11390, 10666, 16764, 13514, 6035, 0 3848,
1966 n 11A15. 18055, 2339 178. ScBBs 36796, 32709, 22740, 1Y7B7. 1060 0 150866
1967 0 0 3625, 0 0, 3116, 23400, 24812, B374, 3¢730. 2102. 0 98158,
19648 n D 19044. 6896s 2506, l¥516. 30229, 2, 21324, 281568, 2142 0 128818,
1969 0 1085, ¢828%. 8732. 1653, 10707. 4741, 15035, 3. ©15Q. 20895« 13322, 108616,
1970 42818, 36857. 4547%. 17373 775, 14150s 24522, 18940. 106}, 0 0 0 201970,
1971 " 0 0 0 n 0 10119, 2112, 34084, 26536« 27207 0 100058,
1¢72 0 0 7490« 4037« B64G. 14406 0 n o A 0 0 34577,
1973 n 6 0 0 2. 0 14429, 42466, 24211 ) 0 0 81108.

AVE. 5156, 4610, 12926, 3787. 1472, 6164, 14148, 13340, 1168, 11307, 5611« 1211, 91428,

FLUw TO CONSERVATION AREA . ACRE FEET 12 « 17 REGULRTION WITH TOE -

YEAR  JAN  FER  MAR  APR MAy  JUNE  JuLY aUG  SErT  0CT NGOV DEC YEAR
1963 n 0 0 ¢ 0 0 0 n 0 n 0 0 0
1984 n 0 0 0 - 1852, 0 ] n 0 f 0 0 18562.
1965 10127, 2115, 21761, 2369, 73, 0 9208, 6442, 10634, 10023, 4052, 0 77406,
— HOQQ 6 13118, L9REF. 3515, 240, eg0N8.,. wmu.wom._- 31619, 17182, Y3ANgG, 1069, 0 138445,
N 1967 o 0 6351, ¢ - 6. 3199, 21135, 24969. 435.. 2/652. 1064, 0 88716,
' 19618 0 0 «3919. 7618+« 2814, l85n02. 30313, n 10538, 17908, 2123, 0 113335,
H 1969 Iy 2168+ 2R338, Q372 wmwm- Y19 mmu&- 8570, 9 0 10378+ 12421 84819,
5 1970 44327, 39806, 45280, 18103s 833, 13613, 23192, 18686, 0 0 0 0 702841,
_.q_u_u 1971 n 0 ¢ 0 a 0 7184, n 21567 2264120 251240 ) TaZ286.
ul'm__m 1972 n 0 9385, 5623 9724, leg76. ) ] 0 0 0 0 190609,
25 1973 n 0 0 0 0. 0 10743, 39286, 23150, o 0 0 73179,
-

AVE, 4950, 5201+ 14065, 4291 1526, 9947, 12819, 11779, 7947, i900. 3$83. 1129, 81635,



FLuw TC CONSERVATION AREa  ACRE FEET 12 - 16 WEGULATION
YEAR JAN FFA MAR APR MAY JUNE JULy AUG SErT OCT hCV DEC YEAR
1963. n 0 o 0 n 0 0 " 0 0 0 0 0
1756 n 0 0 0 2363, 7. n n 0 Y400, 9321, o 21091.
19465 0 0 12414, 1128, 50, ¢ 3172, 3236, 145Se, 41340, 4040, 0 79937,
1966 H ¢ wnvol2. 1712, 207, ©135. 10983, 22713, 1942¢, 4564g, 1058, 0 115891,
1567 n a v 0 n 2. 8670, 20504, 6483, S52a85]., 2105, 0 90565,
1968 " 0 0 4r96. 23235, lsy2l, 13236, n 12387, 41294, 5151, 0 97310,
1969 n 0 1sN07, BSTA, 1640, 9729, 3, 4240, U 24412, 23085, 13706, 100399,
1970 13255, 1684n, 45N59, 16q46, 781, lui07, 6402, 14257, i. 128RS1, g 0 160641,
1371 n U g 0 n Y 6, 0 24078, SlP65, 24050, 0 99398,
1972 o 0 0 7. 8103, lai77, 0 n u 0 0 0 22287,
1973 ) i 0 0 2, 0 Siig9, 33815, 23545, luslg, 0 0 76994,
AVE., 1214, 3345, 731B, 3n24. 1406, =653, 4322, BS79, 9134, 26693. 6255. 1246, 78592,
FLUN TO CONSERVATTON AREA ACRE FEET 12 = 16 REGULATION wITH TOE _
YEAR JAN FFR MAR APR MAy JUNE JULy AUG SErT ueCT hOV QEC YEAR
1943 n 0 0 -0 0 0 0 n 0 0 0 0 0
1964 ) 0 0 0 1529, o 0 n 0 1068s 8270 0 108é8.
1965 n f 12618, 2273, 78, ¢ 8373, 4303, 10544, 39013. 3218, n 76417,
1966 n 0 H3Z24. 2370 253. bS082. 34144, 24860, 13415, 49U940. 1068. 0 131057,
ﬂwauoq n 0 0 0 0 0 16143, 20656, 3264, Su3B7, 1065, 0 91515,
, 1963 0 0 0 5702. 2450, 14749, 28747, n 319, 37261. 2149, 0 98247,
o 1969 0 0 15301« 9349« 1487, 9u47. 2129, 2118, D loBpl. 17954 11646, B6631a
- 1970 14436, 39524, 452744 17713 780, 131544, 21075, 16415, 0 909, 0 0 173466,
phal 1971 n ¢ 0 0 0 0 10457, n 13656« 48436, 27055 0 90214.
HE 1972 n 0 o 2¢ A445, 13495, 0 n n n 0 0 21942,
22> 1973 n ] 0 0 0. 0 8059, 32771, 2087z. 1:31%. 0 0 73016,
m - .
Wm AVE, 1312. 3593. 7411. 3401 1366, 5939, 10885, 9193, 5903, 22392. 5525, 10%9, 77574,



FLuw TO CONSERVATTON AREA

ACRE FEFT 12 = 15 REGULATION
YEAR JAN FrB MAR APR MAY JUNE JULY AUG SErT ocY NGV DEC YEAR
1983 n 0 0 0 n 0 n n 0 n 0 0 0
19:.4 n 0 f 0 2298, S n n 4288 220374 9650 0 38278,
1965 n 0 0 3. 37, 0 9874, B8589, 4n2le, 472343, 43064, n 105364,
1966 0 0 0 0 34, 5324. 33833, 29044, 44654, 4sa%22, 2108, n 1%9518,
1967 n 0 0 0 0 0 17650, 22659, 3343t, Su%57., 2113, 0 126409,
1968 n 0 0 0 538, 17673. 287913, A 412417, 39770 6374 0 134394.
1949 n Q 0 4404 1045, 9Y9/71s 3577, 8518, 24599, 24017. 26981, 11920+ 112833,
1970 15012, ?396R+ 44743 16911+ 687, 13568. 22798, 19810. 25936, 16227. 0 N 199656,
19 n 0 Q 0 0 0 4241, n 4BBS5S . 49579, 26341, 0 125017,
1972 n 0 0 0 p383. 14182 o n 0 0 t 0 22564+
1973 n n 0 0 2. 0 11915, 37212, 4B270. 19153, 0 n 112562,
AVE, 1365, 2179. 406R, 14938, 1184, H9n2, 12062, 11439, 283lb, 27292. 6857. 1084, 103327,
FLUw TC CONSERVATTION AREA ACRE FEFT 12 = 15 KREGULATICN WITH TOE
YEAR JAN FFB MAR APR MAY JUNE JuLy AUG SErT  0CT NOV DEC YEAR
1963 0 0 0 0 o 0 0 n 0 0 0 0 0
1964 ) 0 0 0 1529, 0 . 0 0 2e 23165, 9632, n 34328,
1965 n 0 0 3. 34, 0 7148, S322, 36925, 3Isaz3, 3230, 0 90685,
1966 n 0 0 0 20, 49z07. 33014, 24751, 41400, 4162, 1058, 0 146717,
— 1967 0 0 0 0 0 C 12748, 20479, 31215, Sua7z, 1062, n 115976,
™ 1948 ) 0 0 0 876, 17u75. 27678, n 3570u. 35388. 3199, 0 120916,
' 1969 0 0 0 4a4ée 1055, 9269, 2119, 2120, 22420, 23117. 2281C. 13090, 100441
o 1970 15004, 22963, 45782, 177179, 791, 13126, 21060, 16409, 23736, 130164, 0 n 189665,
= 1971 n o 0 0 0 0 0 n 41400, 44078. 25241, 0 110720,
1972 n 0 0 0 7853, 13042, 0 6 0 0 ¢ 0 20894,
mmnﬂu n 0 0 0 0. 0 7871, 32712. 46012« 1URGH 0 0 67451,
— : .
Mmzm. 1364, 208a, 4162, 2021« 1105, 59g47, 10149, 9256, 25347, 25488, 6021. 1190, 93436,
o]



FLuw TO CONSERVATION AREA  ACRE FEET 12 = 14 nEGULATION

YE AR JAN FER MAR APR MAY JUNE JULY AUG SErT [Aloh ¢ NOV DEC YEAR
1963 ) 0 0 0 0 i 0 n ] 0 0 0 0
1964 n 0 0 e 767, 3w20. 3885, n 7638, 178BBS. 12597, 1053, 47355,
1965 ] 0 0 0 N 239, 9130, 19629, 22266, 36379, 3357, _ a0 91038,
Hooo N 0 0 0 4, 3640, 19258, 23715, 21731, 36%0AR., <2l28. 0 107391,
1967 n 0 0 0 0 3415, 15787, 21378, 16086, 37040, 2108, nD 95814.
1968 n 0 0 0 347, 11620, 19271, loels, 24119, 32166, 7611, 0 105748,
1969 o 0 0 2R40s 729, S104s 8804, 15921. 8448, 15248+ 23840+ 11531 92466
1970 14720, 4477« 18794, 10578, 144, 780, 15304, 22037, 11163, 15292, 0 0 117290,
1571 0 0 0 0 0 0 5892, 10538, 25428, 30006, 21285. 0 97149,
1972 n 0 0 3¢ 4855, 6841le 152AR, n 0 0 0 n 13228,
1973 ) 0 0 0« 0, le 136R6, 25032, 24147 15720 ] 0 78587,

AVE, 1338, 407, 1709, 1220 622, 360, 10232, 13533, 15003, 21513, 6633, 1144, 76915,

FLUwW TC CONSERVATION AREA ACRE FEETY 12 = 14 neGULATICN wIlTH TOE

YEAR JAN FFR MAR APR MAY JUNE JuLy AUG SEFT ucT NOV DEC YEAR
1963 n 0 0 0 0 0 0 0 0 n Q 0 0
1964 ) 0 0 0 428, ¢314. 3764, n 551y, l®i122. 8451. 4, 38593,
1965 n 0 0 0 0 le 9108, 19576, 19546, 34632, 3218. 0 86082,
1966 n 0 0 0 1, 3380. 19088, 22807, 202%2, 37185, 2ll4. 0 104796,
1947 « n 0 0 0 n 3u28, 19756, 21222, 13863, 37467, 2110, 0 93446,
1968 n 0 0 0 382, lldnle 19467, 8857, 20839, 2974p. 639, n 97506,
1969 0 0 0 254G, 629, bSu447. 9826, l4n6e3, 6339, 15131, 20284« 12846, BT104,
1970 14747, 19p8B7. £9552. 12R2% 259, @l4p. 15248, 19449, 7351, lenl?. 0 0 137274
1971 0 ) )] 0 0 0 5314, 8511, 26781, 28R41, 20374« 0 89820,
1972 n f 0 l« 23706, 7318, 512, 0 v 0 o D 11536,
1673 0 0 0 0 n 0 13681, 25011, 22125, 12174, 0 0 72991,

ave, 1341, 1735, 26K, 173G8,. 491, 3457, 10leq, 12681, 17965, 206k4, 5T722. 1165, T4465,

NOILY1n93Y v1 - <1

28 318yl



NOILYIN93Y LT - €1

<8 318yl

YEAR

1943
1964
1965
1966
1967
1968
1969
197¢
1971
1972
1973

AVE.

YEAR

1963
1964
196%
1966
1967
1968
1969
19790
1971
1972
1973

AVE,

JAN

0
0
N
n
f
f
43365,
0
n
f

5296,

¥

FLuw TO CONSERVATION AREA

FFB

0

0
105n.,

11786,
¢

0
107a,
6807,
0

0

0

#@Huo

FLUw TC CONSERVATTION AREA

FFB

0

0
2122
14174,
0

0
QNUQQ
3A84]1n.
0

n

0

5267.

MAR

0
YUH#.
20203,
LROL1Z.,
&T0%,
enléenr,
en035,
4sh43T,
0
qmﬂnc
U

13690,

MAR

t]

0
hﬂ@Oﬂ.
19267,
17323,
22576,
249633,
45900,
u
g2el,
v

14110,

APR

0
168&T6
12274,
13447,
10236,
16178,
16785,
194267,

518,
22362,
147349,

12881.

APH

0
14674
1294€.
13632
10782
176660
17965
20779,

50S.
22760,
12725.

13131,

MAY

12017,
«62e,
2152,

0

189951,

0

3930,

MAY

0
3965,

f

0
12300.
~037,
2185,
0
19101,
0

1960,

ACRE FEFTY

WSUNE JULY

0 0

0 f

0 13104,
7129, 53852,
0 27331,
Jeyll, 42113,
a76l, 1081,
29249, 28792,
0 14051,
1700, 0
0 18655,
a159, 18089,
"ACRE FEETY
GUNE JULY

0 0

0. 0

0 S88q,
643, 51923,
0 15707.
318493, 40652,
4027, 0
2h324, 26386,
0 B57}1.
18529. 0
0 12337,
Te3B. 15405,

13

AUG

n

0
8484,
33099,
22506,
0
1i2vre,
16059,
4

0
44107,

12357,

13

AUG

0

0
3223,
29556,
17514,
0
4211,
14821,
0

S0
34687,

9465,

- 17 HEGULATION

SEFT uCT
0 n
0 13159,
1957z, 43979,
2151le, 48099,
B22l, Sba79,
1914/, 43250.
u, 29874,
v, 12724,
372755, 57683,
v 1]
2184171, 14373,
10824, 29056,

- 17 REGULATIOA

SEry oCcT
0 0
0 10B3.
9302, 371969,
1341le, 42049,
416i, 56627,
508/, 41222,
v 19349,

0, “052.
21881, 47787,
v 1]
1952y, lu3léas.
6669, 23680,

NCV

0
3395,
5074,
1076,
2107,
5120

21809.

0

25030,

0
0

6328.

DEC

ODD D20 9

10342,

[= IR = 30 = R ]

940,

wITH TOE

NOV

0
G427
bomﬂo
1064,
1061,
213S.
16646,
0
25794,
0

0

5499,

DEC

12464

OO0 O o000 OO

1133,

YEAR

0
43996,
1336348,
2088017,
133985,
190904,
132660,
229826,
130042,
67572,
113333,

125816,

YEAR

0
29149,
116187.
150919,
117640,
173536,
114462,
221293,
104542,
&B631.,
R9613,

111452,



FLuw TO CONSERVATTON AREA  ACRE FEET 13 - 16 wgGULATION

YEAR JAN FFB MAR APR MAY JUNE  JULY  AUG SEFT  OCT NOV DEC YEAR
1263 n 0 0 0 0 0 n n 0 0 ¢ 0 0
1954 0 0 0« 14R7Hs 2430, 0 n n 0 23R97. 17505. 0 49708,
1965 n 0 12606, 12152, n 0 20727, 17349, 20994, 42771, 4040, 0 130639,
1966 0 0 AN13. 124#67. 0 lo2es, 48868, 35103, 2564y, 45432, 1061, o 147037,
1967 n 0 1058, 9498, 0 1lu26, 33041, 2R709, 1350y, 53031, 2108, 0D 141979,
1968 n 0 1687, 16222, 6796, 29423, 3849), 4261, 21743, 41297, ©51S1. 0D 167070,
1969 0 0 LrS97, 16488, 2189, lugass, 8259, 14705, wumU- Zo30?, 24458, 13716, 142150,
1970 13362, 36862, 45076, 18905, 1868, 22476, 29891, 24073, 4378, 14795. 9 0 211687,
1971 0 0 0 0 ) 3. 15594, 4251, 33831, 51288, 24072, 0 129039,
1972 n 0 0 19389. 11225, 20lg7. 0 0 v 0 0 0 50801,
1973 n 0 0 14142 n 0 22057, 42239, 30646, las2s4, 0 0 123609,
AVE. 1215, 3351. #094. 12213, 2319, B874. 19721, 15517, 13994, 284B6, 6218, 1247, 121247.
FLUw TO CONSERVATION AREA  ACRE FEET 13 - 16 HEGULATION  WITH TOE _
YEAR JAN FFB MAR APR MAY  JUNE  July  AUG SErFT  OCTY NOV DEC YEAR
1963 n 0 0 0 0 0 0 n 0 ] 0 0 0
1964 n 0 0 9736, 2640, 292, - 0 0 0 24624, 9639, 0, 47232,
1965 n 0 1266%, 10628, 0 0 12207, 6523, 16074, 39100, 2973, 0 100169,
1966 n 0 6329. 9402, n 6329, 30981, 18589, 2123, 4bs68, 1859, 0 140188,
_. 1967 0 0 5. 7404, 0 &ll, 15913, 18521, 1078e, 4/321, 1846, 0 102407,
w 1968 o 0 2864, 12416, 6355, l8263. 22790, n 183le¢, 445573, 615, 6 125170,
i 1969 n 0 8933, 13076, 3139, Yyo0s4, 2, 6094, 1260, 25107. 12498, 10555, 89669,
— 1970 13521, . 29228, 15278, 1635, lsu48, 17552, 11292, 1915, 19858, 0 0 153645,
< 1971 0 0 0 0 n 0 8295, 2034, 32691, 42247, 18333, 0 103599,
m 1972 n 0 0 13336, 10092, 11726, 0 n 0 0 0 n 3%154,
H4& 1973 0 0 0 A=47, n 0 12910, 31136, 2488/, l4?1s., 0 0 91695,
=
ﬁ“m AVE. 1229, 3047, &457. 9075. 2151, b55n7. 10968, 8563, 1156y, 2/045, 4342, 960, 89913,
o=
iy
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YEAR

19€3
1964
1965
196¢
1567
1968
1969
1970
1971
1972
1973

AVE,

YEAR

1963
1964
1965
1966
1967
1968
1346
1970
1971
1972
1973

AVE,

JAR

453,
29781,

24243,
€384,
2408,

15006,

30401,
1733,
4912,

18034,

11760,

JAN

453,
29781,

24243,
2384,
2408,

15006,

30648,
1733,
4912,

18034,

117¢€4,

Pimp, v

FeB MAR
ﬂﬁNauu 17n.
15987, 2511,
a0y, Be?,
12793, 4231,
14858, 23322,
13583, 4526,
9849, 137823,
il44z, ci701,
4455, &1,
11185, %659,
5885, 7378,
11843, &789,

cudd

s

E4

PUMPING TO EAST

FFRB

16209,
16987,
14001,
12793,
148%x,

14771,

98449,
9843,
445¢,
1118cg,
TR9s,

11801,

MAR

170
2511,
Aanz.
3776,
1978,
4526,
1935,

17731,

60l,
4798,
1376,

50732,

APR

0
9156,

AREA

MAY

17194,

D009 3OO0

1136,
10962,

3353,

3153,

AREA

MAY

1R675,

p=- i e B N o |

2376,
1n962,

3471,

3226,

ALRE FEET
JUNE JULY
94225, 529,
1vwe70, 15723,
27833, 41948,
20443, 48504,
lbz9l, 48l1l2,
19909, 46071,
21960. 47397,
2411, .7o8,
28928, 56475,
26195, 20594,
26524, 44287,
21772, 36321,
ACRE FEET
JUNE JULY
9225, 329,
19741, 16365,
30409, 44021,
22226, 495274,
leuns, &mmmo.
15909, 41459,
28855, 43145,
2obn08, 45718,
32367, BET22,
2/02%. 206594,
271184 47148,
23007, 37¢45,

12

aUG

8300,
21974,
I68Ta4,
£625%
58039,
37040,
53258,
43431,
39194,
16151,
688640,

40949,

1é

AUG

830¢,
21974,
34498,
67128,
62748,
37040,
51555,
43431,
45382,
1915i,
68860C,

41370,

17 wpGULATION

SEry

228445,
36476,
42524,
56744,
40870,
605859,
36511,
27y,
6455,
16674,
44920,

41459,

17 HEGULATION

SErT

22845,
l6476,
3990, ,
54367,
40970,
58279,
3757,

33374,

51423,
16674,
46692,

40415,

ocrT

l26éhe.
45059,
4p37%,
4Hn88,
SYT1l,
EUP&g,
4URG1.,
23904,
63113,

3260,
lopsas,

38250,

OCT

12668,
dbEGl,
49563,
431930,
Su523,
59923,
4145%,
23004,

64301,

AP00,
loegas,

37750

NQV DEC
5429. 6116,
13679. 18391,
4819, 2010,
3435, 4370,
3113, ii2ls,
13931, )
32539, #4015,
229, 3
24502, 3081,
1525, 2335,
¢ G3z2ep,
394- . 10A9,
wWiITH TOE

NOV OEC
5429. 6116,
14965, 178670,
4819, 2614,
3435, 4370,
3113, 11219,
13552, 0
£722%, c&0S),
225, 0
3754, 3uB1%.
828, 238%
4 2z,
9458 7475,

YEAR

93531,
228530,
219426,
252300,
258080,
248343,
299093,
232580,
2485546,
128930,
245461,

234711,

YEAR

i0inl2.
227464,
P2Cn24 .
29:4C7,
26lcl .
242808,
95794,
232657,
2659581,
126017,
2stles,

231789,



NOILYIN93Y 91 - 21
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YEAR JAN
1963 453,
1964 28304,
1965 297,
1966 23031,
1967 2384,
1968 2408,
1968 14412,
1970 32597,

1871 1733,
1972 4714,
1973 17440,
AVE. 11616,
YEAR JAN
1963 453,

1964 28304,
1965 297,
1566 23031,
1967 2384,
1968 2408,
1969 uﬁkgma
1870 33785,
1971 1733,
1872 714,
1973 17440,

AVFe 11774,

PumMpING TO FAST

FeEB

16004,
15531,
17440,
16026,
14068,
14104,

94514,
114452,

4101,
1080y,

5697,

12247,

MAR

170
#2511,
2109,
w934,
3322,
6219,

£1168,
19099,

601,
TN@U.
7039,

7721,

APR

]
9312.
0
7174,
0
0
3346,

=]

PUMPING TO EAST

FrB

16004,
1653y,
1 T44n,
16026,
14064,
14104,
9451,
10534,
41013,
10801,
5697,

12Y6n,

MAR

170,
Mmuun
1515,
5934,
33227,
6219,

7168,
15525,

601,
5263.
7038,

Tﬂwu-.

APR

0
9312,
(]
SrS3,

AREA

MAY

1/3%4,

22

4657

oD e

4720,
11754,
n
3290,

4892,

AREA

MAY

17810,

o0 D DD

2740,
onﬁmu

273,

2072,

ACRE FEET

JUNE JULY
9225, 929,
lecz2, 13658,
27356, 29140,
17933, 15068,
15499, 31165,
14383, 23105,
26433, 30829,
240455, 20808,
29033, 42851,
21288, 19166,
25153, 30846,
20925, 23415,
ACRE FEETY
JUNE JULY
G225, 529,
15¢88, 15573,
29819, 43318,
19509, 48437,
15469, 48765,
les57, 39428,
29361, 39764,
21092, 42631,
32060, 53478,
21647, 19166,
20147, 43782,
2e¢555, 359231,

12

AUG

8160,

16 REGUILATION

SEPYT

213%e,

20786, 34628,
34272, 3999¢,

60471,

53056,

57277, 37103,
34246, 54913,
496454, 33945,

41338,
36551,
18018,

32114,
57964,
15684,

64205, 44914,

38652, 38701,

12 =. 16 RgGULATION

AUG

8160,
2n786,
33084,

SErT

21396,
34628,
38806,

60471, 50689,
57871, 39083,
34244, 53725,

47078,

35054,

41338, 321le,
37545, 54990,

18018,
63611,

3838z,

1568u,
4949,

38335,

OCcT

12391,

3854,

Ganlp,

42946,
49999,
43176,
3inle,
lez00.
B4968,

Jo002,.
15182,

3i659,

0cT

12391,
34636,
35315,
Inabe,
45768,
3ynin,
249438,
130672,
mmwmu.

3002
luos37,

oRHAL,

NOV

5231,
124726,
4621,
3435,
3113,

,HmQHO.

342134,
225,
23140,
7327,
0

9888,

WITH

NOV

5231,
12426.
4621,
3435,
3113,
13017,
29132,
56,
24829,
7327,
0

G38]).

OEC

5720,
13826,
2010,
4370,
10387,
0
22982,
0
2883,
2385,
8536,

6645,

TOE

DEC

5720,
13959,
2010,
4370,
10387,
0
24968,
-0
2883,
2385,
8536,

6438,

YEAR

98073,
198459,
201750,
253701,
224317,
207562,
282875,
205599,
264979,
131523,
222302,

208286,

YEAR

97489,
202954,
209225,
276903,
240260,
219119,
289171,
219880,
215181,
129409,
231129,

217338.
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g6 379yl

YEAR

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

AVE.

<Mbn
1943
1964
1965
1966
1967
1968
1969
1970
1971
1972
1873

AVE «

JAN

453,
28304,
297,
23031,
2384,
2408,
14412,
32597,
1733,
4714,
17440,

11616,

JAN

453,
28304,
297,
23031,
2384,
2408,
14412,
33785,
1733,
4714,
17440,

11724,

PumpING TO fFAST

FFB MAR APR
16004, 170, "]
15531, 2511, 91312,
1Ta44n, 12195, 0
16026, B11A, T174,
14066, 3322, 0
14106, w219, 0

G454, ¢716R, 13346,
29177. 19099, 0
41013, 6501, 0
1080y, 263, 17R7S,
5697, 1039, 0
13854, B337. 3428,

PUMPING TO FAST

FFB MAR APR
16004, 170, 0
15531, 2511, 9312,
1744n, 11601, 0
16026, allPr, 7114,
14N06bA. 3322, i
14104, 62159, 0

94%4, 7168, 3346,
29171, 16525, 0
4101, 601, 0
10R01, ®263, 17079,
5697, (039, Y
12854, wN4aY, F4PR.

AREA

MAY

16006,

AREA

MAY

17810,

fem_ s |

3509

DD Da

2740,
11160,

273,

499,

A{CRE FEET
JUNE JULY
¥4é?5.  §29,
140722, 15088,
21356, 40744,
18721, 48059,
15499, 46692,
14531, 39252,
2ts4l, 38715,
29445, 42631,
29033, 52419,
27288, 19166,
25153, 41970,
21792+ 35060,
ACRE FEET
JUNE JULY
Yer?25. G229,
1288, 15573,
3u130., 43318,
194909, 49514,
15499, 48765,
lya31. 39428,
Z2u36l, 35764,
26408, 42631,
32038, 53607,
24430, 19166,
2b14T, 437152,
2eunibe 36047,

15 HEGULATICA

15 KFGULATION

12 -
AUG SErT
8160, 21396,
20786, 27508,
35406, 34397,
60471, 46823,
56683, 34636,
34244, 5119},
48660, 291959,
41338, 28860,
36951, 4945¢,
18018, 15689,
63611, 3701s,
3R575, 34197,
17 -

AUG SEr1
8160, 21390,
2n786, 3047u,
34086, 30635,
60471, 446949,
57871, 32854,
34244, 50755,
47098, 28237,
41338, 26484,
38139, 41070,
18018, 1568y,
63611, 3463,
3IREPG, 3PGY9x,

oCT

12351,
23744,
4491R,
40820,
44059,
4g00R,
29045,
lv446,
GHR1T.,

3002,
I1-17s.

29111,

ucT

12391,

2nT724,
3ngng,
des30,
430uA9,
3baby,
29631,
1165,
4 fH2T,.
002,
luo7,

CrLRR.

NCV

5231,
12426,
4621,
3435,
3113,
15010,
33244,
229,
23140,
1327,
0

5794,

WITH

NOV

5231.
12426,
4621,
3435,
3113,
13393,
30779,
£75.
22596.
7327,
0

Py

377

DEC

wrﬂmao
13557,
2010,
4370,
10387,
0
20408,
0
2883,
2385,
8536,

6387,

TOE

DEC

5720,
134668,
2010,
4370,
10387,
0
24968,
0
2883,

2385,

8536,

6811,

YEAR

95685,
183390,
218384,
279109,
230843,
221927,
281487,
241553,
260291,
131523,
2248131,

215366,

YEAR

97489,
189593,
213046,
276881,
231332,
216525,
2B4417,
234974,
261763,
132565,
219804,

21439%,
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YEAR

1963
1964
1965
1966
1967
1968
1269
1970
1671
1972
1973

AVE,

YEAR

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

AVE,

JAN

453,
26324,
297,
21224,
2384,
z408,

13797,

30359,
1733,
4352,

16662,

10908,

JAN

453,
26324,
297,
21224,
2384,
24908,
13797,
31547,
1733,
4352,
mOOON.

11016,

PUMRPING YO FAST

FFB
15604
14561,
15428,
1495,
i293sg,
129%7,

mamio
a3fa,
3707,
101549,
5499,

1165,

MAR

176G
2427,
1nR48,
#lla,
1322,
«1A88,
24594,
4712,

601,

4716,
6445,

a55e,

APR
0
mnuwﬂ

Q
6976,
¢

i a
3148,
0

. 0
9128,
0

2253,

AREA

"MAY

14745,

2344,
In82s,
f
2932,

3282,

PUMPING TO EAST AREA

FEB

15604
1456y,
15424,
14951,
12938,
12957,

mam@.
?3R27.

3707.
wOHmO-

5459,

12599,

MAR

170.
2511,
i1nB4R,
8118,
3322«
6188,
24594,
L1652,
601
41164
5445,

1742,

APR

0
65536,
0
6976
0
0
3148
0
0
9375,
0

2776’

MAY

Hmmwﬁo
0

]
6023,

0
863,

0
2344,
10825,

n
NGWOO

3595,

aACRE FEET
<UNE JULY
Y225, 929,
5/38. 9965,
22633, 15068,
%917, 10759,
11714, 25289,
3128, 10456,
“496, 72371,
306.. #2497,
20310, 33279,
4122, 17432,
12764, 25829,
1001, 18806,

ACRE FEET
JUNE JULY
9225,  929.
5738, , 9965,
23117. 20115,
-&4700. 10423,
14990 27467,
3128, 9090.
4195, 34016,
689, 22148,
29452, 38286,
“447, 17432,
17€27. 2B007.
112%2. 198048,

um - 1& HEGULATION

. AUG

7673,
14983,
29080,
41507,
36299,
29781,
36424,
27692,
30714,
16434,
32947,

27594,

12 = 14 mEGULATION

AUG

7673,
15169,
29080,
41776,
37487,
30945,
36820,
27692,
288905,
16434,
33385,

21152,

SErT

19721,
22612,
3219/,
37633,
31464,
45386,
26473,
27473,
40802,
14387,
29847,

29822,

SEFT

19727,
23800,
3100y,
39319,
30289¢,
44211,

27534,
2%0917,

40804,
14387,
27564,

2943y,

ocY

11904,
21503,
3337y,
Juio0,
27372
309461,
216713,
HEY 3 1
33670,
2804,
12319,

il 0

ocT

11904
19823,
31086,
2874,
284694 .
28744,
20479,

122234

32R7TR.
280G .
B279,.

cuabé .

NCV

5033,
11700,
4423,
3257,
3113,
14812,
29126,
225,
15280,
£53%,
0

wlith

NCY

$033.
10908,
4423,
3257,
3113.
13195,
26712,
725,
149¢0.
6935,
£

Bk,

DEC

534,
15238,
2710,
4217,
5397,

Y
18355,
: ¢
2685,

2343, .

TT4s,

6211,

TOE

DEC

5324,
15872,
2010,
4217,
31397,
0
23520,
.0
2685,
2347,
7744,

O$@Nl

YEAR

90787,
150987,
16R559,
189068,
143093,
156677,
221415,
141169,
199596,

928148,
152581,

156379

YEAR

92581,
149%06,
1674173,
1s17on.
16897
182329,
227171,
1636464,
204676,

S439]) .
154161,

160685,



PLMRING .TO FAST AREA ALRE FEET 13 =« 17 REGULATION
YFAR JAN FEB MAR APR MAY  OJUNE  JULY  AUG SErT  OCT NOV  DEC YEAR
_qu 453, 167202, 170, 0 20770, Y225, §29, 8300, 22B45, lebbk. 5429. 6116, 103107,
1954 29781, 18987, 972. 4980, 95, 19271, 16365, 21974, 36476, 37545, 13470, 15391, 212306,
1965 0 14001, 515, 0 0 28u59, 46146, 3I6R20, 42924, 4778B), 4819, 2010, 223075,
1966 24243, 12793, 3261, 831, 7918, 21037, 71539, 67128, 56743, 46306, 3435, 4370, 319705,
1967 2384, 1485m, 1752, 0 836, lov85, 548R0, 60681, 4097u, 53177, 3113. 11219, 260755,
1968 2408, 135813, 4526,. 0 10399, 3uc54, 57486, 37040, 60653, 46013, 15119, 0 286082,
1969 15006, 9R45. 13783, 1135. 8599, 28128, 43146, 52149, 3694y, 37662, 32539. 21115, 300059,
1970 30401, 11443, 20701, 0 17141, 37862, 4868A, 43431, 3277y, 1v98l. 225. 0 262650,
1971 1733, 4455, 601, 0 10962, 24249, 56129, 397RB, 6455], 61062, 24639, 3081, 296245,
1972 4912, 11185, w659, 7770. 14692, 40449, 20594, 15151, 16670, 3200, 1525. 2385, 154161,
1973 18034, 5895, 5419, 0 3506, 28306, 49524, 72424, 46692, 12081, 0 9328, 254209,
AVE. 11760, 11R41e. 6215« 1347« 8623, 27030. 42311, 41717, 4166y, 34588, 10029, 6819, 242944,
PUMPING TO £AST AREA ACRE FEET 13 - 17 HEGULATIOA wITH TOE
YEAR JAN FFB MAR AFR MAy JUNE JULY AUG SEvVT oCT ANV DEC YEAR
1963 453, 16202, 170, 0 20770, Se25. 929, 8300, 22845, leebas 5429 6116, 103107,
1964 29781, 15987, 972. 5804« 95, 19679, 16365, 21974, 36476, 3I¥921, 13470. 15523, 215747,
1965 n 14001 515 0 n 31uP9,. 47928, 35092, 4054u, 41584, 4819. 2010, 217525,
., 1966 24243, 12793. 2806, 931s 7918, 21632, T3462, 67128, 52438, 42317, 3435. 43T0. 313472.
w 1967 2384, 14RA5n, 1752. 0 836, 16885, 53197, 60681, 4097¢, 53771. 3113. 11219, 259666,
1 1968 2408, 13583, 4526, 0 11229. 38854, 57486, 37040, 55406, 45419, 13337. B 279287,
= 1969 15006, 9849. 1330n. 1053, 8829, 29910. #3740, 50981, 38058, 3¢910. 30149, 24897, 298681,
o 1970 29260, 10536A« 17731 0 1R3I29, 4y2BT. 486RA, 46124, 33373, 1(542. 225 0 255095.
M 1971 1733, 4455, 601, 0 10962, 32£28. 58110, 40876, 60987, 5¢528. 24095. 3081, 291756,
HE 1972 4912, 10631« 4798, 7770, 13674, 42683, 20594, 19151, 1667y, 320n. 7525. 2385, 153991,
23 1973 18034, 5895. 6013, 0 3506, 29341. 50118, 69454, 46652, YR4g. 0 9328, 248222,
m =
b= .
Mﬂw AVE, 11656, 1170R. 4835, 1387+ AT41, 20341, 42783, 41536, 40400, 31518, 9600. 7175, 239686..



NOILYINY3Y 9T - €1

26 1181

YEAR

1562
1964
1965
1966
1667
1968
1969
19790
1971
1972
1973

AVE.

YEAR

1963
1964
1965
1966

1967

1968
1969
1970
1971
1972
1973

AVE,

JAN

453,
28304,
297,
23031,
2384,
2408,
14412,

32597,

1733,
4714,
17440,

11616,

JAN

453,
28394,
297,
23031,
2384,
2408,
14412,
33785,
1733,
4714,
17440,

11724,

PLMPING TO FAST AREA

FEB

16004
15531,
1T44n,
16026,
1406A,
14104,

9451,
11442,

41013,
10801,

5697.

12247,

MAH

170
972.
2416,
4944,
3322.

621%,

22540,
19099,
601,
GNOUo
mmﬂﬂo

66T%.

APR MAY

0 18988,
4980, 0
0 )
93). 7195,
v 0

n 1891,
113%5. 3320,
U 11795,

0 9972,
7176« 3526,
0 13290,
1293+ 5453,

PUMPINE TO EAST AREA

FrFB

16004
15531.
1744,
16026,
1406hA.,
141046,
94513,
bﬂﬂﬁo
#HOJ-
10”01,
5697,

1158,

MAR

170,
ﬂDUQ.
515,
1649,
3322.
4703,
15472,
HmmO-
601
49%8,
8677,

3587.

APR MAY

0 18988,
1683« 0
Y 0
q31. ﬂwom-
0 n

0 B63,
q3G., 778,
0 neez?,

0 4872,
3297 n
0 13290,
230 #mﬂﬂo

ALRE FEET
JUNE JULY
9Zz22%9. 329,
lb216, 136%8,
264987, 40287,
l18/21, 56535,
14905, 49395,
31834, 43736,
33421, 38576,
320n5. 43505,
28843, 47864,
3Mun2. 19166,
24059, #Oﬂ#?.
24947, 35854,
ALRE FEEY
JUNE JULY
Y225, 929,
1870l 13351,
31613, 31122,
19909, 3H4T2,
15499, 36594,
22105, 25461,
Jzun4, 30789,
2ounl. 33407,
32900+ 48191,
3ap12. 17662,
271376, 38766,
24066, 28421,

13 = 16 wEGULATION

AUG . SEPT
8160, 2139%,
20786, 31064,
35080, 40584,

60471, S2462,
56683, 37804,
34244, 53131,
41672, 32040,
41338, 3004b,
34575, 56580,

101, 1568u,
64206, 44329,
38276, 37734,
13 -
AUG SErT
8160, 2139%e,
2nl186, 34628,

25869, 39077/,
45043, 52944,

47536, #1261,
29589, 58477,
42540, 37464,
26752, 3389,
35169, 58754,
18918, 1568y,
52721, 40445,
32053, 39459,

uCT

12391.
27704,
44812,
42340,
4u613.,
43176,
31019,
ﬁ&COﬂo
53965,

3002,
12182,

3098R.

16 mEGULATICN

0ocT
12391.
37002,
41453,
42485,
40156,
PU:NHo
29847,
NCNND-
&QCOO-

3002,
146B7.

30339,

NCV

5231

12426,
4621,
34135,
3113,

15010,

35432,

225,
23140,
1327,
0

9557,

WITH

nNCV

§231.
HO&#O.
3564,
3435,
3113,
mﬂoco
21905.
S6.
15302«
1327,
0

6915,

DEC YEAR
5720, 98667,
14262, 184904,
2010, 214238,
4370, 290462,
10387, 240673,
0 245750,
22982, 291709,
0 241021,
2883, 264258,
2385, 135860,
B%36, 229652,
6685, 221563.
TQE
DEC YEAR
5720. 98667,
17763, 199232.
2010, 192959,
4370, 253288,
10387, 214329,
0 208720,
24968, 261029.
o 189780.
2883, 256220,
2385, 121855,
8%36, 214636,
7184, 200573,



INFLOW TO WEST AREA IN CF5 12 - 17 weGULATION WITH TOE
YEAR JAN FeA MAR APR MAYy JIINE JULY -AUG SEPT uCT NOV DEC YEAR
1987 n 0 0 0 7164, 0 n n - 10w, 0 0 300, 2569,
1564 273, 2R, 0 44, 498, zu24, ~p 600, 1357, 2400, 1506, 1618, 11048,
196% 150, 2527, 1834, 0 A 350, 2307, 2179, 3178, ¢9249, 537, g 19191,
-1966 )] 0 v 0 2073, dle. 0 n 2968, J163, 99, 0 gele,
1967 n 300, 0 0 422, 637, n 1200, 240y, 4«79, 31s9. ) 9757,
1968 n 0 0 0 n 0 n N 3943, 3900, 2156, 0 9949,
1969 n 0 0 ] 0 %00, 3p0, S%60, 145z, Lwon, 6726, 0 16338,
1970 0 ] 0 0 300, 0 0 06 1194, 0 U 0 1493,
1971 n n 0 0 1315, 3446, 2359, 2638, 895y, 3900, B3%, 6 23991,
1972 0 0 G4, 0 0 0 0 599, 837, 0 0 0 1230,
1973 90, 0 v 0 483, 1343, 5211, 5240, 2881, n 0 164, 15412,
AVE . 47, 26n, 175 31 660, 1120, 929, 1638, 2634, 2052. 1143, 189, 10877,
INFLOW TO wFSTY ARFa IN CFS 12 = 17 REGULATION
YEAR JAN FeB MaR APR MAYy JUNE JULY AUG SEFT OcT NGV DEC YEAR
1963 a 0 0 0 2312, 0 f n 105, 0 0 300. 2717.
1964 273, 2n. 0 «80, 498, 2u60, | 324, 600, 135¢, 2880, 2554. 2288, 13542,
1965 150, 2527, aoo, 0 n 3550, 1918, 579, 2274, ano, 537, 0 12539,
1966 n U 10, 0 2073, 1516, o 0 1768, 1063, 99, 0 6529,
= 1967 0 30¢n, U 0 422, 1237, 131, 2100, 240u, 1529, 319, ile, A554,
\ 1968 n 600, Q 0 648, o 0 0 240U, 1200, 1939, 0 6787,
. 19569 n 0 0 0 - 116, 2000, 1060, 4e62, 198v, 100, 2544, 993, 15493,
S 1970 600, 0 0 0 1200, 0 0 0 l2es, 0 0 0 3066,
= 1971 fn 9 0 0 1315, 9400, 3542, 3167, 5058, 1s00, 255, 0 20237,
42 1972 n n 94, 0 n 0 f 599, 531, 0 0 o 1230,
Emw 1973 90, 0 0 g 483, 19%3, %455, S240, 318y, f 9 164, 16167,
31—
mm AVE, 10, 3la. 37. 67 B24, 1974, 1133, wMQ.w- 2031, 961, 71504 351, 9115



INPLOW TO WEST ARFA IN CF»s 12 =« 16 wEGULATION

YEAR JAN FFR MAR APR MAY uUNE JuLy AUG SEPTY oCT NOV DEC YEAR
19563 0 0 0 0 1800, 0 0 n ~ 283, 0 0 300. 2383,
1964 719. 25R. 0 0 498, 2089. 967, 600, 1949, 5S050. 2554, 2288, 16972,
19658 0 109p. 300 0 0 3986. 1056, 1112, 2258, 300. 537. n 10239,
1966 o 0 0 0 2073. 1616, n , n 17le, 1500. 99. 0 Y004,
1967 n 300 0 0 422, 1337. 231. 2010, 2241, 1529. 319. 316. 870S.
1960 n A6 n 0 635, 0 0 n 2700. 3300+ 1339. 0 8290
1969 n 0 0 0 116. 2115« 1002, 46401, 176/, J3ilhe 2379+ 1003 15899,
1970 600. 0 0 0 1200, 0 0 n 1066. L1B27. 0 0 4693,
1971 0 0 0 0 562, 4346, 4107, 2859, 540u, 1636. 388. 0 19298,
1972 n 0 194 . 0 0 3. 0 10, 731, 0 0 0 1744,
1973 190, 0 19, 0 483, 1%84. 5829, 5181, 2837, 540 0 264. 16927,

AVE, 137, 179, 47, Q 708, ‘ 1516, ﬂmﬂﬂo 1543, NOmﬁo 1709, 652, 379. 10196,
INFLLOW TO WEST AREA In CF> 12 - 16 HEGULATIOM WITH TOE
YFAR JAN Fed MAR APR MAY JUNE JULY AUG SErT ocT NCV DEC YEAR
1963 o 0 0 0 2095, 0 n n 283, n 0 300, 2678,
1964 719, 258, 0 0 498, 1753, , 0 600, 194y, o050, 2554, 2221, 15602,
1965 n 109, 1834, 0 n 3-86, 7Te46, 1712, 3158, 3430, 537. 0 16093,
. 1966 ] U 0 0 2073, 416, 0 0 29le, 4515, 99, 0 9019,
N 1967 0 30n. 0 0 422, 137. n 1258, 2541, 4266, 319. 0 9843,
1 1968 n v 0 i} 0 0 0 n 3679, D400, 2346, 0 11421,
= 1969 0 0 0 0 0 615, 3p0, S601, 1207, 5216. 3656, 9 165965,
- 1970 0 n 0 0 oo, 0 0 0 1366, S001,. A5. 0 6752,
| o1em n 0 0 0 1315, 2632, 2229, 2559, 7200, 43736, 835, 0 20506,
=S 1972 n 0 194, 0 ) 0 o 810, 7371, 0 - 0 0 1741,
-3 1973 190, 0 19. 0 483, lzA4. 4311, S481, 3137, 2HBG. 0 264, 18055,
o
mwu" AVE . a3, 15n.  18F. 6  653. lu02. 690, 1638, 2561, 3500. 948. 253, 11664,



INrLOw TO WEST AREA IN C#S 12 = 15 REGULATION
YEAR JAN FFB MAR APR MAy JUNE JULY aUG SERT ucT NV DEC YEAR
1943 n 0 0 0 2406, 0 0 n - 283, 0 0 30n, 2989,
1954 719, 25sa, 0 0 498, ZuR9, 245, 600, 412/, 6296, 25564, 2424, 19810,
1965 n 390, 0 0 n 3%86, 456, 539, 2109, ano, 537, 0 8l1s8,
19646 n 0 0 0 2073, 1els6, n 6 2lou, 1wno, 99, n 7388,
1967 0 300, 0 0 422, 1337, 231, 2010, 33é4e, 629, 319, 3ls, B910,
1968 0 31+, 0 0 as2, 0 0 n  240u, 3en0, 1339, 0 AS07,
1969 n u 0 0 116, 1815, 1274, 4605, 4lée, ewnla, 1879, 1003, 17371,
1970 €00, 0 0 0 1200, 0 0 n 1800, 1prR5, 0 0 4885,
1971 n n 0 0 B62, 4346, 2764, 2859, 630y, 163s, 368. 0 19155,
1972 n 0 194, 0 0 3. 0 alo, 137, 0 0 0 1744,
1973 190, 0 19, 0 483, 1sg4, 5211, 5190, 360¢, 543, 0 264, 17084,
AVE. 137, 107, 19, 0 B8l0, 1489, 926, 1510, 28le, 171a. 620, 3%2, 10542,
INFLLOW TO WEST ARFA IN CFS 12 = 15 wEGULATION wITH TOE
‘<mpn JAN FFB MAR APR MAY JUNE JulLy AUG SErTY OocT NOV DEC YEAR
1963 0 0 0 ¢ 2095, 0 n n 283, 0 0 300. 2678,
1964 719, 25r. 0 0 498, 1153, 0 600, 3531, 6296, 2554. 2368, 18577,
1965 0 109n. o0, 0 n 3-86, ' 456, 1206, 3304, 3130, 537. 0 13605,
1966 ) 0 0 ¢ 2073, «le6, 0 0 330w, 35185, 59, 0 9403,
. 1967 n 300, 0 0 422, 137, o 1258, 4246, 3379, 319, 0 /10611,
™ 1968 n 0 0 0 0 0 0 0 390w, 9600, 21564 0 11456,
' 1969 0 0 0 0 0 615, 3p0, 5591, 4650, 4716. <2824, 0 17696,
= 1970 0 0 0 0 300, 0 0 0 300u, 3747, 0 6 7047,
- 1971 n o 0 0 a&e,  ew40, 2464, 2323, 17500, 3736, 663. 0 20388,
o 1972 0 0 194, Y 0 v . n glo, 73/, 0 a 0 1741,
S 1973 190, 0 15, 0 483, 1284, 4311, G481, 4800, 2331, 0 264, 19163,
— x=
m— . .
TS AVE. 83, 15n. © 7. 0 612, 1021. 6RS. 1570, 3568, 4pnp. 832, 267. 12033,
o=
%))



"INFLOW TO WFST ARFA IN CFS 12 = 14 REGULATION
YFAR JAN ~ FER MAR APR MAY JUNE JuLy AUG SEPTY oCT NOV DEC YEAR
1963 0 0 0 0 2442, 0 0 80, 521, 46, 0 300, 3389,
1964 1334, Tén, 4?2, 1580, 498, 2960, 2386, 2278, 509, 4496, 1054, 376, 22848,
1965 n 300. v Y n 3191, 623, 588, 1680, 300, 537, 0 7819,
1966 0 0 0 0 2073, 1800, 0 0 191y, 1500, 59, 0 7389,
1967 n 300, 0 0 422, 1437, 300, 1786, 3646, w29, 319, 516, 9655,
1968 n 195, 0 0 635, 0 0 o 2100, 3300, 1339, 0 8169,
1969 n v 0 0 116, 2347, BR30, 4659, 23822, =28le, 1545, 1003, 17138,
1970 600, 0 0 0 1200, 0 0 n 1806, 1285, 0 0 4885,
1971 n 0 0 0 547, 6175, 3636, 3535, 360u, 1636, 388, 0 195517,
1972 f 0 294, 0 0 669, 0 1010, 7%, 0 G8e 0 3046,
1973 327, H 119, 0 483, 3968, 5614, 2400, 33lo, 291+ 0 300, 16412,
AVE, 206, 16ne 41 144 765, 2068, 1217, 1485, moam. 1909, 489, 227, 10933,
INFLOW TO WEST AREA IN CFS : 12 - 14 REGULATION  WwITH TOE
YEAR JAN FgB MAR APR MAY JUNE JULY AUG SErT ocT NOV NEC YEAR
1963 n 0 0 0 1836, 0 0 80, 521. bhe 0 300, 2783,
1964 1334, T4R. 0 1580 498, 2Y60. 2386, 2184, 484}, 6296. 2554, 56, 25437,
1965 n U 0 ] n 3791, 0 588, 2280, 4300, 537, 0 10496,
1966 n ) 0 0 2073, 516, n n 2926, 3K15, 99. 0 9429,
. 1967 n 300 n ] 422, 537, o 1186, 4246, 3366, 319, 0 10376,
o 1968 n U 0 0 A 0 f 0 3900, 9400, 21564 n 11456,
1 1968 n 0 ] 0 0 847, n 5859, 23286, 4K19., 2764. 0 17575.
= 1970 n 0 0 0 300, 0 0 0 300u, 3747, 0 0 7047,
p 1971 n 0 0 0 547, 3688, 2693, 4499, 4800, 3736. 663, 0 20626,
/@ 1972 n 0 294. 0 n 0 o lolo, 97s, 0 S8, 0o 2377.
=< 1973 327, 0 119. 0 483, 3968, 5014, 3000, 3910, 2331, 0 300, 19052,
-~ > :
_mum AVFE , 151, og, If. Y44« 560, laab, 918, 1673, 3153, 4s3%1,  835. 6n. 12423,
8= | ﬂ



NOILYIN93Y L1 ~ €1

q01 378yl

YFAR

1943
1564
1965
1966
1967

1968 -

1969
1970
1571
1972
1973

AVE.

YEAR

1963
1964
1965
1966

1967

1968
196%
1970
1971
1972
1973

AVE.

101,

INFLOW TO WFST ARFA IN

FrB

0
2R,

. 2527,

0
300,
600,

v

DD O0a

314.

MAR

0
177,
445,
500,

0

QOO0 o

G4,
588,

255,

APR

[
A
m
2
L =)

SO OO0 O0O0

[
~
»
-

MAY

1333,
498,
n
1708,
0
648,
116,
1200,
1315,
)
474,

663,

INFLLOW TO WEST ARFA IN

FEB
0
2R,
2527,
0
30n.
ao:o
U
0
0
Nmbu?
-~ 0.

340,

MAR

0
777,
1979,
490,

OO0 o0 C

S4.
688,

366,

APR

[~
N
24}
o]
. O

[= 2 = B = I B e B Y B =

—
[
>
-

MA Y

1333,
498,
n
1708,
n
0
. 0
600,
1315,
h
474,

539,

C¥s
JUNE

241,
3445,
1916,
1537,
le1l,
5313,

143,

.uummc

Crs
JUNE

35,
3445,
On@ﬁ,
€37,
911
UOQQ:

€20

tB8,

July

1318,
131,
560,

2707,

5211,

902,

JULY

418

D020 00

1799,
3964,

562,

13

AUG

n
€00,
1006,
N
2244,
0
5260,
0
2938,
599,
5090,

1612,

13

AUG

600.
1879,

2544,

5947,
Iss,
2338,
‘599,
6781,

1913,

17 REGULATTION

SErY

105,
1357,
2274,
1768,
2400,
2400,
1767,
1260,
505y,

537,
2881,

1983,

SEvT

104,
1357,
3678,
3G4,,
2404,
5438b,
1207,
1193,
7454,

537,
2884,

er2¢,

oCT

0
4995,
600,
1500,
1273,
J600,
2R16.
1527,
1636.
Q
u91,

1709.

17 REGULATION

ocT

0
4995,
3730.
35185,
4225,
5400
5216,
6294,
3736,

0
3538.

" 3696,

NOV DEC
0 300,
2554, 2288,
537. 0
59, n.
319. | 3
1339, )
25464, 993,
0 0
3as, 0
0 0

0 164,
707 351,

wITH TOE

NOV DEC
0 300,
25%54. 2221,
537 0
89, 0
319, 0
2239, 0
3751, 583,
0 0
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‘ QUIFLOW FROM- WEST AREA ACRE FEET 12 - 17 mEGULATION
YEAR JAN FrB MAR APR MAy JUNE JULY AUG SErY OocT hNOV DEC YEAR
1963 f 0 0 0 0 0 n n - 0 0 0 0 0
19454 4] 0 0 0 0 0 0 n o N 0 ] 0
1965 n .0 S Oe f 0 n n 0. 3134, le 0. 3141,
1966 1366, 1756, 115, 0. n 168, 3851, n U 2157, 0 0 9413,
1967 n 1a 97. Na n 0 n n 0 3a87, 0 o 3584,
1968 3, 100, 181, - 4, 13, =2u3e, 7422, n 0 a1, 515, 1645, 13130,
1969 609, 362, 293, Te g, l. o f 1] 625, 2586, Sl40, 9594,
1970 3774, 2844, 2658, 477, 4, 190, 569, n 0 1268. 0 0 11786¢,
1971 n 0 oW 0 n 0 o n n 352, 3I592. 1662, arel,
1972 1462, 565. BN 18, 15, 0 f n 0 0 0 0 2110,
1973 0 0 v 0 n 0 n n 2850, 1612, 0 0 46462,
AVE., 656, 512. 309, 464 3, 290. 1077, n 25y, L4kt 615, 768, 6000,
CUIFLOW FROM WEST AREA ACRE FEET 12 - 17 HEGULATIOCN wiTH TOE

YEAR JAN FFB MBR APR MAY JUNE JULY AUG SErY uCT NGV DEC YEAR
1963 n n 0 Q 0 0 n n 0 0 0 0 0
1964 n 0 0 0 0 o, n n 0 0 0 0 ]
1965 n 0 0 0 0 o n n 0 1050, 2 0 1152,
1966 n 490R. 1991. 25. 0 11 7117, n n N 0 0 14552,
=y 1967 0 Na 1862, . 21. 1] 219. 3. n 0 4o g ] 2109,
, 1968 6 586, 2357, L 66, «l21. 9114, n 0 0. S523. 0 17453,
— 1969 0. 3621« 3924. 177, 13, 184, 0 n 0 n 526 la Ba4bh,
~ 1970 3337, 6177, 6100, 1977, 17, 685, 107, 0 -0 1] 0 0 18999,
= 1971 n ] 0 0 n 0 0 0 0 i%77. 4911}, 0 6488,
=2 1972 1049, 23537, 1772 521, 404, 1049, 0 ] 0 f 0 n 8331,
=L 1973 0 0 0 0 0 0 0 n 0 0 0 ] 0

m— _
=2 AvE,  399.\ 1712. 1637,  255. 45, 670. 1540, n D 239. 542 0. 7¢39,



OLIFLOW FROw WEST AREA ACRE FEET 12 - 16 HEGULATION
YEAR JAN FeB MAR APR MAY JUNE JuLy AUG SEFT ocT NOV DEC YEAR
1943 n 0 0 0 0 0 n n 0 0 ] 0 0
1964 n 0 0 0 0 0 0 n 0 . n 0 -0 0
1565 n 0 34, 0e 0 0 0 fl Ve 3753 le NDe 3788,
1966 1205. 1744 113, 0e 0 173, 4046, n 0 3133. O 0 t0412.
1967 n 1a 103, 0 0 0 0 ] 0 3481, 0 0 3585,
1968 151. 156, 152« 3. 10, 2753. 17327, n 0 5082, 834. 1652, 18218,
1969 756, 3650 29n, T 0. 12, 0 n 0 1R9g, 2577. 5115, 11413,
1976 3759, 277s. 2658, 477 4. 190, 569, n 0 1910 Oe. 0 12342,
1971 ¢} 0 9. 0 f 0 : n n 0 728« 3640+ 1653, 9530,
1972  1453. 555. 48 20 17. O« 0 n 0 n 0 0 2054,
1973 o 0 0 0 0 0 ‘ 0 8 3265. £98F 0 0 6250.
AVF, 666, 508, 310, 46 3. €84, 1086, o 291, 24064 650 765, 7021,
OLTFLOW FROM WEST AREA ACRE FEETY 12 = 16 REGULATICN WITH TOE
YEAR JAN FeR MAR APR MAY JUNE JULY AUG SEFY oCT NOV DEC YEAR
1963 ) 0 0 0 0 ] o n 0 0 0 0 0
1964 0 0 0 0 n 0, ) n 0 n 0 0 0
1965 0 0 0 Os 0 0 0 0 0 2636 3. 0 2639,
1966 n 5124 1987, 25+ 0 594, 4~HH0 0 0 G 0 0 14906,
— 1967 0 A 2049, 26 fi 266, 384, 0 0 4 0 0 27132,
o 1968 n 778, 2369, B89. 67, «129, 9122, 0 0 4927, 526, 0 22609,
1 1969 o, 3617. 3919. 177. 13, 200 0 n 0 0 AMO#b. 0. 8969,
= 1970 3317, 65956. 6108, 1981, 17, 6B6. 707, n 0 e 0 0 18775,
o 1971 n 0 1272 3. 0 0 0 0 0 1048. 4894, 0 6666,
1972 1044. 352n. )758. S41e 425, 1077, 0 o 0 0 0 0 8365,
»c 1973 n -0 0 0 0 0 0 n 0 Je 0 0 J.
£
—5 AVE. 396, 1727. 1719, 258, 47. &87. 1580, 0 ¢ 7B4. 588, 0. 7708,
— ’
>



QUIFLOW FROM wEST AREA ACRE FEET .12 = 15 WEGULATION

YF AR JAN FrB MAR AFR MAY SIUNE JULY AUG SErT ncT NGV DEC YEAR
1663 N 0 0 0 0 0 n n 0 0 0 0 0
1964 N 0 0 0 0 0 0 f 0 n 0 0 0
1965 616, 522, 195, I 0 0 fn n 0 3751. le 0. 5086,
1966 1368, 1760 115 fae 0 174 4058, f 0 %101 0o 0 11578,
1967 n e 109, D 0 0 0 n 0 4758, 0 0 4868,
1968 2. The 134, 2 12, 2&né6, T38B, N g “p%98, 1237, 1641, 18396,
1969 606, 337. 291, Te 0. 0. 0 n 0 3762, Sl46e S122. 14771,
1870 3765, 278Bn. 2661, 478 4, 190« $69, n Ce 2257 Oe 0 12706,
1971 n o G, 0 n 0 n n 0 4212. 3628. 1647, 9497,
1972 1448, 544, G4k, 19, 16, 0 n 0 0 0 0 0 2078,
1973 o 0 ] o fn 0 n n 330y, 3602, 0 4] 6911,
AVE, 710, 54R. 324, 46, 3, £RB. 1092, n 301, ¢r22. S10. 765, 7808,
OUIFLOW FROM WEST AREA ACRE FEET 12 » 15 MEGULATION wITH TOE
YEAR JAN FrER MAR APR MAY JUNE JULy AUG SErT OCT NOV DEC YEAR
1963 A ] 0 0 0 0 ] ft 0 N 0 0 0
1964 n 0 0 0 0 ¢ n o 0 ] 0 0 0
1965 n 0 120, 1l n 0 0 f 0 2,39, 0. 0 2761,
1966 n 4434. 1907, Pbe 0 591, 7160, n 0 1047, 0 0 15163,
1967 n 4s 2059. 27, n 270, g4, n 60 319G, Q 0 5943,
5 1968 n 39n, p262. 85, 64, wind, 5097, p 0 “9R4, S19. n 22105,
' 1969 G 3420 3930, 178 13, z13. n n 1] 1057, 2705. la 11519,
— 1970 3345, 6192, 6113, 1083, 17, 687, 108, n 0 5, 0. 0 19048,
T 1eT) n n 823. 3 0 0 n n 0 l1066s 4568 0 6840,
& 1972 1040, 350ha. 1746, 535, 419, 1069, 0 n 0 0 ¥ 0 8316,
W_m 1973 f 0 0 0 0 0 0 n 0 3221 0 0 3221.
= r=
M= Ayp. 399, 14631, 1724. P58. 47, 6B5. 1577, n noineg,  T43. 0, B625.
Wm



OUIFLOW FROM WEST AREA ACRE FEET 12 = 14 WREGULATTON
YEAR JAN FFR MAR APR MAY  JUNE  JuLy  AUG SEFT  OCT NGV DEC . YEA&R
19%3 n 0o 0 0 0 0 0 n o 0 0 0 0
1¢64 0 0 . 0 0 n 0 0 0 ¢ 949, 310, 3094, 4352,
1965 1987, 1145, 273, 1. 0 0 0 n 1. 3770. 1. 0., 7178,
. 1966 1355, 171s,. 112, 0 n 185, 4456, n v 3476, 0 o 11300,
- 1967 -0, 24, 112, 0 0 o 0 n 0 b5e9a, .0 0 5835,
1968 448, 191, 148, 3. 10, 27141, 7313, n 0. 2074. 932. 1649, 18510,
1969 754, 335, 289, T 0, 59, 0 0 0 £915, 4485, 5134, 13979,
1970 3774, 2B4s, 2658, 477, 4, 1906. 569, n V. 225A, 0o ¢ 12775,
1971 0 u 9. \ f ¢ 0 n vV 4204, 3623, 1428, 9264,
1972 1459, Sé», 49, 23, 20, 71. n n 0 0 0 0 2184,
1973 0 0 v 0 n 1] n 6 338%, J3%A80, 0 0 6365,
AVE . 889, 62na 332. 46 3, 295, HnNN-‘ n 304, 2902. B850. 1028, muom.
. ~
Ou (FLOW FROm WEST AREA ACRE FEET 12 « 14 REGULATION  WITH TOE
YEAR JAN FEB MAR APR MAY  JUNE  JULY  AUG SErT  0©CT NGV DEC YEAR
1963 n 0 0 0 n 0 0 n 0 n 0 0 0
1964 0 0 0 0 0 [ 0 n 0 0 0 0 0
1965 6 2233, 2246, 34, o, 0 0 n 0 2630, 2, 0 7147,
1966 n 492R, 2015, 25, 0 6”3, 7247, n ¢ S8, - 0, 0 15416,
ro- 1967 n 196, 2167, 29. 0 242, 193, n 0 2664, 0 0 5491,
~ 1969 0. 3608, 3905, 174, 12, 260, a n 0 1lu4mr, 2685, 0. 11690,
~ 1970 3305, 5933, 6088, 1972, 16, 683, 706, n 0 s, 0, 0o 18708,
@ 1971 n 0 823, 3. 0 0 ) n 0 1063, 4939, 0 6824,
Zc 1972 1038, 3498, 1728, 560, 445, 1104, 0 n 0 n 0 0 8374,
> 1973 n 0 0 0 0 0 0 n a 3227, 0 o 32271,
"wm AVE, 395, 1890. 1938, 262. 49, 99, 1568, 0 0 1468, 741, 0. 9010,



QUIFLOw FROM WEST AREA ACRE FEET 13 - 17 REGULATION
YEAR JAN FFB MAR APR MAY JUNE JuLy AUG SEr1 0cTY NOV DEC YEAR
139463 n 0 0 0 fn 0 n n - ] n ] 0 0
© 19n4 n 0 0 0 n 0 n n 0 fn 0 0 0
196% n n 20 0 n 0 n n Qe 4078, 1. 0, 4100,
.HOOO 1361, 1748, 113. 0. N 174, 4059, 3] n 31585, Q. ¢ 10611,
. 1967 n le 109. 0 n 0 0 n 0 3134, 0 0 3244,
1964 2. 75. 172 4a 12, 2817. 7401, n 0 Sill. 1lz4l, 1645, 18480,
1969 751, 335, 286, 7. 0. 0. 0 n n 187n. 2555, 5137, 10938,
wOﬂO Uﬂﬂma mm&vo NOWQQ 417, &o 190 mmn. n 0 18592, O 0 12102.
1971 f n 9. 0 0 0 n n # #p07. 3625. 1429, 9270,
1972 1460, 563, 50 18, 15, Ce ) n 0 0 0 0 2106,
1973 n 0 0 0 0 0 0 n 184%. 29572, 0 0 4802,
AVE 668, 506 3l1. 46, 3, £89, 1093, n 168, 2373, 675, 747, 6877,
QUIFLOW FROM WEST AREA ACRE FEET 13 = 17 WREGULATION wIiTH TOE

YEAR JAN FFB MAR APR MAY JUNE JuLy AUG SErT uCT NCV DEC YEAR
1963 0 0 0 0 0 0 0 0 0 0 0 0 0
1964 n 0 0 0 0 0 0 n 0 0 0 0 0
1965 n 0 0 0. 0 0 181, 773, 2540. 269, 1, 2526, 8669,
1966 3427, 3203, 1089, 15, f 375, 6847, 2994, 0 6. 0 1047, 19003,
w 1967 759, R4, 1516, 14, p 159, 2938, 197, 0 6o 0 1053, ra82,
¢ 1968 1298, 1026, 2127, g0, 61, «&83, 9056, 6476, 0 =947, 530, 5463, 35747,
w1969 2588, 1219, g47n, 76, 3, 166, g0, 0 0 0 519, 10049, 17170,
S 1970 4747, 44B7, 4999, 1379, 9, u64, 4153, 2803, 0 0 0 692, 23833,
4|3 1971 1, n, 421, 1, .0 21, 0, 0 2. lnsks, 4943, 5108, 11563,
»c 1972 3052, 2127, 612, 224, 235, 611, Sag, 0 0 0 0 0 7841,
= 1973 0 0 0 0 0 0 o 2, 3%%u, n 0 0 3see,

o | ‘
mwm” AVE. 1643, 1173, 1203, 163. 28, ©98. 2203, 1204, 557, 788, 545. 2358, 12264,



OUIFLOW FROM WEST AREa ~ ACRE FEET 13 - 16 KEGULATION
YEAR JAN FrB MAR APR MAY JUNE JULY  AUG SErY 0CT NOV  DEC YEAR
1943 0 0 0 0 0 0 0 n’ 0 0 0 0 0
"1954 n 0 0 0 n 0 0 n 0 0 0 0, O
1966 1209. 175a, 114. 0 n 243, Sloo, n 0 345R. O o 11873,
1947 0 1e 109, LD} n 0 0 4 0 4404 a 0 4515,
1968 150, 135, 150 3. 10, 2/48. 17322, n 0 Su79. 933. 1651, 18179,
1969 755, 350, P89, 7. 0. 0 n n 0 2733. 3366. 4873, 12383,
1970 37173, 28414, 2657, 477 4, 190, 569, n 0 1906, 0. 1] 12418,
1971 n 0 9., 0 0 0 0 n 0 «226. 3638, 1653, 9525,
1972 1453, 554 » 4R 20 17, 0o n 0 0 0 0 0 2092,
1973 0 0 0 0 0 0 0 n 3273« 299 0 0 6267,
AVE, 782, 576. 328, 464 3. 289, 1181, 6 294, 2£%68. 722« 743, 7535,
OUIFLOw FRov WEST AREa  ACRE FEET 13 - 16 WEGULATION  WITH TOE
YEAR . JAN FEB  MAR APR MAY  JUNE  JuLy  AUG SErt  OCT NOV DEC YEAR
1963 n n 0 0 0 o 0 n 0 0 0 0 0
1964 N 0 0 0 n c . 0 n 0 Lt} 0 0 0
1965 n 0 0 0 n 0 n N n 0 0 0 0
— 1966 n 0 0 S. n 377, 10948, 17028, 1198z. 4796, 0 0 45137,
w1967 .0 s 1643, 16. 0 15 4130, 8851, 0 3695, 0 0 18950,
' 1968 0 0 2038, 104, 908, Hz12, 16597 16572, 53}, 4, 15717, 0 52582,
5 1969 1037, 4377, 6187, 2521, 507, 2060, 2644, 2592, 0 0 5925, 2636, 34486,
=~ 1970 4112, 623p, 8452, 8706, 2167 TyS0, 11313, 16613, 11835, 5427, o 0 82045,
4o 1971 n n 281, 1. n 0 n n ) 0 0 0 281,
BC 1972 0 6 215, 278. 3753, el26, 4797, n 0 0 0 0 15168,
m3 1973 n 0 0 0 0 0 o 357, 0 1 0 0 358,
-0 ’
‘W™~ AVE. 468, 964, 1710, 1057 667, ‘2171 4639, 5638, 2214, 1275, 1591, 240, 2£6133.



APPENDIX "A"

SEEPAGE INVESTIGATION

FOR THE

HOLEY LAND



SUMMARY AND CONCLUSIONS

Ten exploratory borings were completed in the proposed retention
area. In addition 16 permeability tests were performed at 11 sites.
From these borings and from falling head permeability tests, 5
hydrogeclogic units were defined. The composite transmissivity for
these units plus flow through the levee was estimated to be 14,259.9
GPD/foot. The flow through a levee to a boundary canal was calculated
for various head differentials from 1 to 10 feet and for an incrementally
increasing distance of flow from 150 feet to 177 feet using the modified
Darcy equation Q = TIL. These values of seepage ranged from a maximum
of 7.77 cfs per mile of levee to 0.66 cfs per mile of levee. Assuming
an average head of 5 feet, the average seepage will be 3.53 cfs per mile
of levee, or for the total 27.7 mile perimeter of the proposed retention

area, the seepage will be 63.19 million gallons/day.



SEEPAGE INVESTIGATION FOR THE HOLEY LAND

The proposed Holey Land retention area is located in southwest
Palm Beach County west of Highway 27, east of the Miami Canal and
L-23 and north of L-5 (Figure 1). This area comprises approximately
29,000 acres of relatively undisturbed Everglades terrain. The only
major man-made influence on this area has been its use as a practice
bombing range during and after World War II, and from which it derives
its name. The purpose of this investigation was to examine and define
the shallow stratigraphy, to determine the water transmitting
characteristics of the defined hydrogeologic units, and to quantify
seepage that could occur under varying head differentials through
and beneath existing and proposed levees to an outside boundary

canal.
METHODS OF INVESTIGATIONS

On September 8, 1975, a preliminary site inspection was made to
select areas providing ease of access and representative characteristics
for relevant interpolation to the entire area of investigation. As a
result of this reconnaissance it was concluded that site accessibility
for drilling equipment was a major limiting factor in selecting the
locations for exploratory driliing and for conducting the necessary
field investigations required to meet the objectives of this study.
Figure 2 shows the location of the sites selected. Figure 3 shows
typical cross sections from the proposed retention area through the
levee to the Miami Canal and to the L-5 Borrow Canal. The only areas

sufficiently firm enough to support the drill rig were immediately
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adjacent to the canals. The area on the retention side of the levees
was covered with dense brush and 0-6 inches of water underlain by soft
plastic muck., From September 15 to September 24 ten exploratory

borings were completed. Detailed 1ithologic logs of the earth materials
encountered were made during the drilling operations. One and one-half
inch inside diameter PVC pipe was set in six of these holes in order to
isolate and test the permeability of a specific stratum. The results

of these permeability tests were then extrapolated to areas in which the

same geologic materials were encountered.

The permeability tests were conducted using a falling head method
outlined by Hvorslev (1951)1. An open ended casing was set flush with
the bottom of the hole and sealed with a packer to prevent any upward
Teakage of water around the outside of the casing. The water level
within the casing was allowed to come to equilibrium with the surrounding
water table. A slug of water was then introduced into the well and the
rate of water level decline vs. time was measured. The permeability was
then determined by using the following formula:

kvh = 27R n {hy)
11 (tz - tﬂ ho

where,
R = radius of the well in feet.

h]= head in feet above static conditions at time t in minutes.

H

ho= head in feet above static conditions at time tz in minutes.

The accuracy and reproducability of this type of test depends on
many factors that are beyond the investigators control in the field.
The values derived serve only to indicate the magnitude of the in situ

permeability.
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This same type of falling head test was conducted on the retention
area side of the levees at three separate sites using 8 inch I.D. PVC pipe.
These installations were constructed by digging an open hole and placing
the 8 inch casing flush with the bottom of the hole. Muck mixed with
bentonite was then backfilled tightly around the pipe to provide an
effective seal. Water was then added and the change of head with respect

to time recorded.

An alternate method for estimating the permeability was also
employed on two of the exploratory holes in which no casing was to be
installed. This method consisted of boring a hole to the desired
depth, removing all cuttings and drill tools, and then adding a slug
of water. The rate of change of head with respect to time is then

recorded and the permeability determined from the formula:

(2)
k = R Hy - H
16 DS T( to -t :1 7)

where,

R = radius of the hole.

D = static depth of water table.

S = shape factor coefficient.

Hy= Initial head in feet at time t; minutes.
Hyp= Final head in feet at time ty in minutes.

Again, this method is only useful for estimating the magnitude of the
permeability. Conceptual diagrams of all of the permeability tests have

been included in the appendix.

Using the measured values for permeability determined by the above

methods in the general Darcy equation for groundwater flow, the quantities



“fe

of underflow can be calculated. However, the Darcy equation:

Q = KIA
was modified to:

Q=TIL
in order to include transmissivity. The transmissivities of the
individual units were then summed to derive the total transmissivity
of the geologic materials to a depth of 30 feet. This composite
transmissivity term includes the transmissivity of the levee and fill
material which overlie the muck. For purposes of calculating the
seepage it was assumed that for each one foot reduction in head
differential one foot of aquifer thickness having the permeability of
the levee and fill material was subtracted from the composite trans-
missivity term. The following restraints were also assumed for

mathematical simplicity:

1) The retention area will be bounded by a levee with an outside
boundary canal. |

2) The levee slopes will be approximately 1 vertical to 3 horizontal
and the minimum distance between the canal and the impounded
water will be 150 feet.

3) The maximum head differential between the water level in the canal

and the retention area will be 10 feet.

4) The maximum thickness of saturated material influencing the quantity

of seepage is 30 feet + 9 feet of levee and fill.

5) When calculating the quantity of seepage, engineering judgment was

used to select the most representative value of permeability for each

unit. In all cases a conservative figure was selected in order to

overestimate rather than underestimate the total seepage.
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GEOLOGY

The Holey Land is underiain by a series of limestone, sandy lime-
stone, and clayey sands of Miocene to Holocene age topped by a layer
of peaty muck ranging in thickness from 2 to 3 feet, No attempt has
been made to separate the material into specific geologic units; rather
the boundaries have been selected on the basis of hydrologic properties.
Parker, Ferguson, Love and QOthers (1955)3 compiled the most extensive
description of the geology and hydrology of scutheast Florida including
the Holey Land area. The U.S. Army Corps of Engineers was responsible
for the design of the Tevees and canals and published the results of
their soil boring investigations in Design memorandum Part I (1954)4.
Figures 4 and 5 are geologic cross sections for L-23 and L-5, respectively,
taken as interpreted by the Corps. The boring logs completed for this
investigation have been included in the appendix. Figure 6 is a cross
section constructed from these borings. The agreement between the
Corps of Engineers' interpretation of the subsurface structure and the
District's interpretation is relatively good. Emphasis of the present
investigation was focused primarily on shallower units than the Corps
Boring Program. The minor discrepancies that are apparent between
Figures 4 and 5 and Figure 3, are due to the District's selection of
unit boundaries based on hydraulic properties and not on strictly

1ithologic or fossil criteria.

Generally, the shallow (<30 feet) stratigraphy can be separated into
five hydrogeologic units based on composition and water transmitting

characteristics.
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The surface unit is the black peaty muck which varies in thickness
from 2 to 3 feet. It is composed largely of organic material, plant
roots and a small percentage of sand. On the retention area side of
the levees the muck is exposed at the surface, on the opposite side of
the levees, adjacent to the canals, the muck is overlain by 1 to 2 feet
of fi11 material and has been compacted considerably. The permeability
measured in the muck during the course of this study (zIO“2 feet/minute)
was much higher than expected. However, similar studies by Meyer (1971)5
on Hoover Dike and by Klein and Sherwood (196])6 on Levee 30 found muck
permeabilities within the same range. The measured permeability of the
buried and compacted muck was 1 to 2 orders of magnitude less than the

exposed muck.

Underlying the muck unit is a layer of hard siliceous limestone 2
to 4 feet in thickness. The water transmitting characteristics of this
unit are moderate to poor, varying from one to two orders of magnitude

less than the overlying uncompacted muck.

Below the muck and 1imestone units is a heterogenous zone of sands,
clayey sands, and sandy limestones extending to a depth of approximately
20 to 22 feet below ground surface. The grouping of these various rock types
into one unit was based on their similar water transmitting abilities. 1In
one infiltration test a very Tow value of permeability at a 12 foot depth
was measured. This appeared to be the result of a local Tense of clay and was
not indicative of an extensive bed. An average permeability of 1073 feet/

minute was used for the entire unit.

At a depth of 22-23 feet, immediately below the hetrogenous unit, a zone

of high permeability was encountered in Borings Nos. 1, 7, 8, and 9. This



-7-

one foot thick unit appeared to exist throughout the area of investigation.
Inspection of the Corps of Engineers' cross sections does not indicate

any unusual zones or lithologies at this depth, however, such a radical
increase in permeability dictated that this zone be considered as a
separate unit. Attempts to measure the permeability were unsuccessful

due to its unusually high water transmitting ability. Field estimates

placed the permeability at approximatley 10-1 feet/minute.

Underlying this highly permeable zone is a poorly sorted unit composed
of silt and fine to medium sand. The exact thickness is unknown but the
zone does extend 30 feet or more below ground level and is therefore
considered the basal unit of interest. The measured permeability (IO'5

feet/minute) is Tow and indicative of the unsorted composition of the unit.

The compacted levee and fill material overlying the muck are
composed of material taken from the adjacent canal or borrow. As such,
it is an extremely unsorted conglomerate possessing a low permeability.
One open hole permeability test was conducted on the levee, resulting

in a measured permeability of approximately 10-4 feet/minute.
SEEPAGE CALCULATIONS

Table I summarizes the field derived permeabilities used to calculate
the flow through the levee. Table II is the calculated values for various

head differentials of 1 to 10 feet and the calculated quantity of underflow.

The modified Darcy equations Q = TIL was used to calculate the
seepage out of the retention area. The transmissivity (T} of the material
is a product of the permeability and the thickness and is a measure of the
quantity of water that will flow through a one foot vertical strip of an

aquifer under a hydraulic gradient of one. As the head declines the
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saturated thickness is reduced and therefore the transmissivity is
towered. The change in transmissivity is dependent on the permeability

of the unit being dewatered.

The gradient is the ratio of the vertical change in head with respect
to distance. As the level of water in the retention area declines, the
distance between the impounded water and the canal increases at the rate
of 3 horizontal feet for each vertical foot decline. The relationship
between the change in head and the change in transmissivity and
gradients introduces a nonlinearity into the Darcy equation. Figure 6

summarizes this relationship in graphic form.

The depth of water that is proposed for the retention area is 3
to 4 feet. If the average water depth in the canal is 1 to 2 feet
below ground surface, then an average head differential of 5 feet can be
assumed. From Figure 6 it can then be seen that under normal operating
conditions, 2.28 mitlion gallons per day per mile of levee or 3.53 cfs
per mile of levee will seep out of the proposed retention area. For the
proposed perimeter distance of 27.7 miles, the total seepage per day would

be 63.19 million gallons.



TOTAL

DEPTH

(FEET)
+7 to-
-0.5 to
-2.5 to
-6.0 to
-10 to
-22 to
~-23 to

0.5

2.5

-10

-22

-23

-30

HYDROGEOLOGIC
UNIT

Levee Material
Fill Material
Muck

Hard Limestone

Interbedded Sand,
Limestone, and
Clayey Sand

Highly Permeable
Limestone

Poorly Sorted Silt
and Fine to Medium
Sand

TABLE 1

PERMEABILITY THICKNESS
(k) - (m)
1.65 GPD/FOOT?2 7
1.5 GPD/FOOT2 2
762 GPD/FOOT? 3.5
90 GPD/FOOT?2 4
37 GPD/FOOT2 12
10,771 GPD/FOOT2 1
1.18 GPD/FOOT? 7

TRANSMISSIVITY
T = (k X m)

11.55 GPD/FOQT
3.0 GPD/FOOT
2,669.1 GPD/FOOT
360 GPD/FOOT
444 GPD/FOOT
10,771 GPD/FOOQT
1.26 GPD/FOOT

14,259.9

GPD/FOOT



TABLE 2

SEEPAGE CALCULATIONS FOR HEAD DIFFERENTIALS ACROSS THE LEVEE OF 1 TO 10 FEET

HEAD
DIFFERENTLAL

GRADIENT

(1)

10
9

.067
.059
.051
.044
.037
.030
.024
.018
.011

.006

Q = TIL,

I, =

TRANSMISSIVITY

(T)

GPD/FOOT

1.42599 x 104

1.42583
1.42566
1.42550
1.42533
1.42517
1.42500
1.42484
1.42469

1.42454

X

X

X

104
104
104
104
104
104
104
104

104

5,280

Q/MILE OF LEVEE

X

X

R A T ST

>

SEEPAGE
106 Gpp
106 @pD
106 GpD
10 GpD
106 cpD
106 gpD
106 cpp
106 GPD
103 GPD
10° &pD

7.77 CFS
6.85 CFS
5.98 CFS
5.13 CFS
4,31 CFS
3.53 CFS

2.77 CFS
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BORING #1

Approximately 200 feet northeast of S-8 on the apron of
L-5, Borrow Canal.

0 -4 feet Fill; silt, sand, 1imestone
pebbles

4 -9 feet Top 2 feet is hard siliceous
limestone underlain by unsorted
silt, sand, and broken Timestone
fragments

9 - 10 feet Light brown silt and sand with
limestone pebbles

10 - 14 feet Silt, fine to coarse sand

14 - 19 feet Light brown silt, sand, and
1imestone fragments

19 - 24 feet No return but probably same as

above. At 22 foot depth, mud and
cuttings flow back into hole,

no change in drilling rate

but radical increase in perm-
eability

TOTAL DEPTH 24 feet



BORING #2

6 miles north of S-8 along the apron of the Miami Canal approx-
imately 15 feet in from the water's edge.

0 - 1.5 feet Fill; pebbles, sand, and silt
some hard rock

1.5 - 3 feet Wet sand and limestone pebbles,
poorly sorted some hard rock

3 -5 feet Black plastic mud (muck), total

depth 5.2 feet casing set at
5.2 feet

BORING #3
6 miles north of $-8, 10 feet north of #2.

0 -5 feet Same as #1

5 - 6.5 feet Muck underlain by thin (<6 inches)
dark brown sandy clay, grading
into Tight tan silty sand

6.5 - 10 feet ' Hard drilling, no return, probably
siliceous 1imestone

Casing set in 1imestone at 10 foot depth
BORING #4
6 miles north of $-8, 10 feet north of Boring #2.

6 - 10 same as #1 and #2

10 - 14 fairly hard drilling, no return,
probably limestone with some
thin sand lenses

Total depth 14 feet, however, hole collapsed to 12 foot depth where
casing was set,



BORING #5
6 miles north of S-8, 10 feet north of Boring #4,
0 - 11 feet Same as Nos. 1 through 4
11 - 14 feet Very easy drilling, no return
but probably sand
Casing set at 15 foot total depth.

BORING #6

1 mile north of S-8 on the apron of the Miami Canal, 15 feet
from the water's edge.

0 -3 feet Fi11? sand, clay, and Timestone
pebbles

3 -4 feet Muck

4 - 8 feet Sandy limestone, high percentage
of clay

8 - 11 feet Sandy-clayey 1limerock

Casing set at 11 feet.

BORING #7
1 mile north of 5-8
0 -3 feet Sandy clay, limestone cobbles
3 -5 feet Muck
5-6 feet Soft 1ight grey sandy clay,

clayey sand
6 -9 feet Dark grey brown sandy clay

9 - 11 feet Medium hard limerock



Continued BORING #7

11 - 14 feet No return - very easy drilling,
probably sand '

14 - 19 Same as above until 17', at 17'
Targe boulder encounter, deflecting

hole sharply to one side and forcing
the abandonment of the hole

BORING #8

1 mile north of S-8, 5 feet south of Boring #7.

0 - 19 feet Same as Boring #7

19 - 24 feet Very easy drilling, loose silt
and fine to medium sand flowing
out of hole until 22', at 22'
mud flowed back into hole

24 - 27 feet Medium hard driiling, no return

27 - 29 feet Easy drilling, no return

BORING #9

1 mile east of 5-8 on L-5 apron approximately 10 feet north of water's
edge.

0 -2 feet Fi11? 1light grey sandy clayey
Time

2 -5 feet Muck

5 -7 feet Hard Limestone

7 =10 feet Loose silt and fine to medium sand

10 - 14 feet Very soft drilling, no return,
probably sand

14 - 19 feet Same as above



Continued BORING #9

19 - 22 feet No change in drilling but mud
flows back into hole
22 - 23 feet Very hard layer
23 - 29 feet Very soft drilling-no return
BORING #10

2 miles east of 5-8 on L-5 Levee

0 -4 feet Conglomeratic mixture of limestone
sand, silt, and clay relatively
Tow permeability, hard drilling

4 -9 feet Same as above, last 3 inches of drill
rod covered with muck



PERMEABILITY TESTS FOR HOLEY LAND
SEEPAGE INVESTIGATION

1. Test Location: 200 feet northeast of 5-8 pumping station on north
side of Levee #5.

Test Set-up: 8 inch 1.D. PYC pipe, fully cased hole, casing flush
with bottom in muck layer.

Test #1 Parameters

} 2R 1 hy = 1.26 feet
> ) h, = 1.16 feet
§ 3
o © At = 10 minutes
it R U
_ kvh = 2xR In h] =1.89 x 1072 feet
G.S. ]| — 11 {at) ho min.
I v
G Test #2 Parameters
h1 = 1.82 feet
h2 = 1.33 feet
At = 15 minutes
kvh = 2qR n %L = 4.78 x 10~2 feet
11 (at ) min.

2. Test location: 200 feet northeast of S-8 pumping station, 3 feet east
of location #1.

Test Set-up: 8 inch I.D. PVC pipe set 1.5 feet deep in muck. Casing
set flush with bottom of hole.

Test #3 Parameters

4 2'R ]
hy = 1.07 feet
8 e e hy = 0.56 feet
o N
0 st = 64 minutes
e T £
6.5 « kvh = 27R n hy = 4.78 x 1072 feet
— , - T (at) hy min.
. ]
1



3. Test location: Six miles north of S-8 pumping station on east berm of
Miami Canal.

Test Set-up: One and one-half inch I.D. PVYC pipe set 5 feet at base
of compacted muck. Casing is flush with bottom of hole.

w 2'R y .
2 Test #4 Parameters
G.S. .
e — h.I = 0.44 feet
5 ISR P~ h2 = (.38 feet
° < v At = 79 minutes
kvh = 27R n %]_ =7.95 x 1074 feet
] 11 (at) 2 min.

4. Test location: Six miles north of S-8 pumping station on east berm of
Miami Canal 10 feet north of location #3.

Test Set-up: One and one-half inch [.D. PVC pipe set 12 feet deep in
clayey sand unit. Casing flush with bottom of hcle.

%ﬂ___‘ 2'R
GS. o Test #5 Parameters
A —_
e hy = 3.86 feet
2
- o hs = 3.80 feet
N o = 1 7 2
At = 46 minutes
kvh = 2nR In hy =1.22 x 1072 feet
| 11 (At ho min.

5, Test location: Six miles north of S-8 pumping station on the retention
area side of the Miami Canal east levee.

Test Set-up: Eight inch L[.D. PYC pipe one foot deep in muck unit.

] Test #6 Parameters
2'R -

i ® hy = 0.77 feet

e 0 1

1 I NN E— h, = 0.38 feet

| = .
6s. » o o At = 46 minutes

“ kvh = 21R In hy = 3.5x 1072 feet
g 11 (at) h2 min.




6. Test Tocation:
Test Set-up:
in hetrogenous unit.
hole.
g 2'R
m
G.S. *
| -~ S
@«
7 =
© = l
N L
kvh =
b

kvh =

#7 Parameters

=
f—
\

= 0.49 feet
= (0,72 feet

=
™o
t

At = 75 minutes
27R 1n El:]

4.29 x 10~2 feet
11 min.

At min,

Six miles north of S-8 pumping station on east berm of
Miami Canal 10 feet north of location #3.

One and one-half inch I.D. PYC pipe set 14.5 feet deep

7. Test location:

Test Set-up:

G.S.

rz?l
]

2.3

One mile north of S5-8 pumping station on east side

Casing set flush with bottom of

Test #8 Parameters

hy = 6.70 feet

hy = 5.86 feet

at = 111 minutes
27R Tn [;l:] 4.29 x 10-2 feet
11 (at min.

of

Miami Canal east levee.

Eight inch I.D. PVC pipe set 1.2 feet deep in muck.
Casing set flush with bottom of hole.

2R Test #9 Parameters
P hy = 1.28 feet
o
L *© hy = 0.38 feet
|2 59 minutes
- VY kvh = 24R n (hy |= 4.7 x 102 feet
11 (at hz min.



Test #10 Parameters

hy = 1.28 feet

h2 0.46 feet

at = 60 minutes
n

kvh = 27R

1T (at

hy {= 3.90 x 1072 feet
hso min.

One mile north of S-8 pumping station on east berm of
Miami Canal.

One and one-half inch I.D, PVC pipe set 10 feet deep

at base of Timestone unit. Casing set flush with bottom
of hole.

{ Test #11 Parameters

=
—
i

= 7.5 feet
= 5,3 feet

7.50'
-
r3
I

|hl

At = 15 minutes
n

8. Test location:
Test Set-up:
|
- 2'R
O
N
G.S. !
©
)
[
g. Test location:

Test Set-up:

o kvh = 2R hy | = 9.92 x 10-3 feet
= v 11 {at h27 min.
Test #12 Parameters
hy = 5.53 feet
hy = 0.99 feet
at = 103 minutes

kvh = 2R - Tn|hp|=7.15 x 107 feet
1T (At ho min.

One mile east of S-8 on north berm of L-5 borrow canal.

One and one-half inch I.D. PVC pipe set 30 feet deep in
fine grained unit. Casing set flush with bottom of hole.

Test #13 Parameters

h1 = 1.34 feet
hz = 1.16 feet
At = 120 minutes



Test #13 (con't)

G.S.
=1 | 2R |/ 5
kvh = 2qR In hy =4.29 x 1077 feet
——1—0| T (at) ho min.
o
|
= i
5 - | Test #14 Parameters
9 | v
o h1 = 1,50 feet
h2 = 0.16 feet
At = 1320 minutes
! kvh = 21R In hy =6.05x 107 feet
1T {at h2 min.

10. Test location: Two miles east of S-8 on Levee #5, north side of borrow
canal.

Test Set-up: Nine foot deep uncased hole 4 inches in diameter. Base
of hole is on top of compacted muck underlying the levee
and fi11 material. Static water level is at 8 foot depth,

1

.
T 2R Test #15 Parameters
L |
| =8 f
% | | ] h] eet
3 : |——= h, = 5.03 feet
! [
ol | | At = 10 minutes
s | 2
I | R = 2 inches
| : v D = 9 feet
I
’ | I S = 1.5 {(Dimensionless)

K =R (Ho - H1) = 2.29 x 107% feet
16 DS At min.

11. Test location: 200 feet northeast of S-8 pumping station at intersection
of L-5 Borrow Canal and Miami Canal.

Test Set-up: Uncased four inch diameter hole 24 feet deep. Static
depth of water at 4.20 feet.

Test #16 Parameters

h] 4,20 feet

h2 = 0.0



24’

I
2R
| | Test #16 (con't)
|
! p At = 8 minutes
[t |
R = 2 inches
;, D = 24 feet
S =1.5
K =R (Hp - H1) = 1.52 x 10~% feet
T6 DS At min.
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